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hnical aspects by the Electrical exhibitions Instead of orga irve 
tion of 1884, which was made in displays occasionally, there is 
nial in character This, the first ously changing exhibition 


al exhibition in this country, was ets of industry and invent th 
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the many changes in the n 
exhibitions 

Accordingly, Dr. Allen promot 
idea of designing traveling shows 
could be carried anywhere, eacl 
formance demonstrating with th: 
humerous action exhibits certan 
of modern science. Two suel 
shows have already established thy 
that the effort meets an acute wat 
first deals with chemistry. and t] 
ond with aviation ! a mal 


dele] tS ah audience 





It is, thus, a well-rounded ! 
that the institute has undertak 
pursued through more than aie 
Its culmination as a memoria 
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in brilliant ceremonies diy 
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scholars fron all parts come 
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Researe! Foundation. directed by Dr 
W. EF. G. Swann, and the Biochemical 
Research Foundation, under Dr. Ellice 
Mi Dor ald. are constantly n aking addi 
tions to knowledge, the former in phvVsics 
and the latter in biochemistr 

It was a matter of more than veneral 


reeret that Dr. MeClenahan did not live 
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By Dr. F. R. MOULTON 
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lerliness of the universe, the revu appanre 
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Without orderliness there could be these great res ts 
ence, for unless there were a firm turies I DS ations Deel 
! That nature s order] There Srhe 1) . 
aL no attempt to <«cdiscovel ts Deel ’ 
In this age of science is «lift el ~ 
realize tha ma ent times me} eart] | 
: niversal] helieved that the heat : 
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revalled on the earth and in the l 
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and repose, the electric poten- 
and fall in our 
enomena do not exactly repeat 


it rise brains. 
es. No day ever exactly dupli- 
other day, no two seasons were 
Although strict peri- 

in nature is found, the 
<imately evelical character of phe- 
funda- 


tly alike. 
never 
appears to have been 
the origin and development of 
fundamental for 
without repetitions 


and to be its 
ss. Indeed, 

ories would appear to play only 
eams and our reason would grope 
That 
experiences which are basic in the 
mental 


for materials for its use. 


n and exercise of our 
sses are cyclical in character. In 
, we feel that we understand phe- 
only when we analyze them into 
of nearly repeating elementary 


When 
analysis, we regard the phenom- 


we have succeeded in 


s orderly, and we are satisfied. 
born in be- 
many celestial phenomena are com- 
d of 
shed long in 
were comparable developments in 
fields both because of the simplie- 


ce Wwas astronomy 


few cycles. It 


before 


relatively 


this science 


ts repetitions and because of the 
of its 
alone filled 


predictions. 
any centuries it the 
as well as the imagination, with 


successes 


the history of science 
have been attempts to discover the 
of phenomena instead of simply 
phenomena occur. To account for 
tions of the planets the Greeks in- 
crystalline spheres, apparently 
alizing that if they felt impelled 
ribe causes they should explain 
both the erystalline spheres and the 
for their rotation. <A_ parallel 
was the invention of the luminifer- 
ther to carry the transverse waves 
dant These 


Ss or instruments are in the nature 


energy. fictitious 


hropomorphisms, having their or- 
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igin in our feeling that by acts of our 
wills we cause phenomena to occur. In 
very ancient times men were a little 
more naive, inventing gods and god 
desses as the causes of pl enomena 


roddesses 


Fundamentally the gods and 


of antiquity and the crystalline spheres 


and ethers of more recent times are 
alike. All have been introduced arbi 
trarily in order to make the phenomena 


of the physical world parallel what we 


regard as the consequences of our own 


volitions 
Now and then newly discovered facts 
or phenomena have compelled the aban- 


} 


donment of irrelevant scaffol 


aings 1h our 


Perhaps the earliest clear ex- 


science 
ample was Kepler’s derivation from ob 
servations of the three laws of planetary 
than 


motion which he announced more 


three hundred ago The demon 


years 
strated elliptical motions of the planets 


around the sun at variable angular 


rates 
made it impossible to retain as realities 
the fantastic crystalline spheres of the 
Greeks. And, similarly, the fact that 
radiant energy the 
both waves and particles eliminates the 


has properties oT 
assumption of a luminiferous ether 
It is that the 


the theories of the motions of the planets 


remarkable history of 


had a greater influence on later 
the 
nature.’’ 


has not 


ideas essential meaning 


of ‘‘laws of 
again, even 


respect Ing 
Over and over 


in astronomy, analogues of 


the crystalline spheres of the Greeks 
have been introduced in order to have 
causes Of phenomena, although all we 


know is the relationships among the phe 
nomena themselves 

One of the 
tant changes in point of view in science 
the the 
heliocentric theory of the solar System 
Although three 
hundred years before the Christian era, 
that 


around 


cvreatest 


and most impor- 


occurred with acceptance of 


Aristarchus of Samos, 
the 
the 
sun, and explained by it the seasons and 


clearly formulated the theory 


rotates and revolves 


earth 


all the apparent motions of the heavenly 





304 


bodies, the earth was almost universally 
believed to be the center of the 
until the 


universe 
time of the 


the 


Copernicus near 

middle of sixteenth century In 

spite of his painstaking and convincing 
theory 


heliocentric 


comparisons of with observa- 
the 
ge_erally accepted even by scientists un- 
til after the 


later Then the solid earth beneath, con- 


tions, theory was not 


time of Galileo, a century 


trar\ to accepted common sense, philoso- 


phy and theology, suddenly became a 
spinning particle flying unsupported in 
the Man found 


himself proud posi- 
tion at the 


immensity of 


space 
removed from his 
center of the universe to the 
surface of one of its lesser constituents 
As vague fears entered his heart that he 
might not be the principal object of cre- 
ation, he naturally resented the new and 
subversive doctrine. 

Another reason that the revolution of 
the earth about the sun was at first diffi- 
cult to accept was that there was nothing 
assigned to support it or to cause it to 
This psychological defect in the 
theory the dis- 
covery of the laws of motion and the law 


move 
was partly remedied by 


of gravitation, which were regarded as 
the cause of the motions of the planets 
and their satellites. Although this cause 
was a rather intangible set of formulae, 
it gradually reality in the 


minds of scientists, as abstract ideas al- 


acquired 


days do with increasing familiarity. 
With the formulation of the laws of 
motion and the discovery of the law of 
cravitation by Newton, physical science 
closed a long period, extending from the 
prehistoric days when men first began to 
perceive that there is order in the mo- 
of the down 
through the 
observations to the time when Kepler 


tions heavenly bodies 


eenturies of painstaking 
laboriously worked out his three laws of 
With the publication 
in 1687, physi- 


planetary motion. 
of Newton’s ‘‘ Principia’”’ 
cal science entered on a new and glori- 
The transition from the old 
the 


OUuUS period. 
to the 


new was sudden, and com- 
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pleteness of the revolution in p 
view has perhaps never been equa 
science or in any other field of 
endeavor 

the Newt 
scriptions of phenomena had bee 
tables of 


constructions or 


Previous to work of 


by means of values 
metrical kine 
models. All at once something ent 


introduced, derivatives 


new was 
first and the second orders. W 
the background of knowledge ai 


perience we have now, it is diffi 

us to realize the revolutionary nat 
the new concepts and methods. L 
out from our minds Newton’s 
and think of the 


the path of a projectile in a va 


cast 


problem of des 


From experience we know that at 


instant it has a definite distan 
altitude; consequently we can 
table for its coordinates If we « 


its components of velocity we can 
a similar table. We can make a dia 
of its path and mark off on it int 
The the diagra 
fairly descriptive of the phenomen 
few fields of 
sut the 


versal, 


of time. table or 
have 
Newton art 
implicitly cor 


science do we 
equations of 
containing 
descriptions of all properties of thi 
tion not only at the surface of the « 
but at any other place. 

Dynamics originated largely in 
nection with the problem of expla : 
the the 
planets, though Galileo had prev 


motions of moon and of 


vone far in his investigations of the 
Fortunate! 


masses of the planets are so small 


tions of falling bodies. 


tive to the mass of the sun that ea 
them moves, at least for several re 
tions, almost as though the others d 
for this el 
been 
planetary motior 
Kepler to discover. Without 
laws, Newton could not have verifi 

theories of the laws of motion and of t 
Without the w 


were not 
not 


exist. If it 
there 
laws of 


stance, would have 
simple 


Key 


law of gravitation. 

















similar 


ton or work, dynamics 
not founded the 
ss of all science would have been 


have been and 
slower. 

Of equal importance in the founding 

fying of the principles of dy 

s was the fact that the sun affects 

otions of the moon, and the planets 

t upon one another; for these per- 

ons, as they are called, are the 

sequences of foreign influences which 

be most likely to produce unex 

of the 


are derived were erroneous 


d results if any laws from 
thes 
vton himself made more verifications 
principles he laid down than have 
ade even to-day for almost any 
whole domain of sc) 


La- 


Laplace and Euler, extended the 


law in the 
His SUCCeSSOrS, particularly 


nents between theory and observa 
s to thousands. Some of these veri- 
ns of theory were of the most in- 
ture, consisting of a series of 
juences, each of which in turn be 
the cause of other perturbations 


example, the attraction of the sun 
tly increases the period of revolu 
the moon, the amount depending 

the dimensions and shape of the 
of the The 

vly altering the shape of the orbit of 
irth, with the result that the effects 
‘sun on the orbit of the moon also 
Although the 


of these slight effects are thousands 


earth. planets are 


dually are changed. 


nturies in length, Laplace worked 
17 


all the complicated interactions of 


s and obtained theoretical results 
nh were precisely verified by obser- 


lt was not of much practical impor- 
in everyday matters that Laplace 
ved that the 


of the bodies of the solar system 


gravitational interac- 
harmony, even to many decimals, 
But 
the 
tness of the law of gravitation were 
in the infancy of, or before the 


the implications of theory. 


ese amazing demonstrations of 
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birth of, most of the sciences a sclel 
tific theories of the present ¢ 

eration before Dalton’s ! I 
atomic theory of matter two genera 
tions before Wohler’s first sv SIS ¢ 
an organic compound and Faradavy’s « 


periments on 


tricity and magnetism, three ations 
before Joule’s and Maver Ss Tol Lato) 
of the law of the conservation of ener 
and Darwin’s work on the origin of spe 
cies, more than a century before che 
ists and physicists first penetrated int 


the subatomic world or astro 


substantial 


made 


progress in exploring 
our galaxy of stars. Even to this da 
there are no more striking illustrations 
than the motions of the planets and 
their satellites that the se 1s 
orderly 

The indirect effects of the triumphs 
of celestial mechanics during t eight 
eenth century were the important ones 


whenever in later times chemists were 
tempted to despair of explaining chem! 


processes or geologists were assum 
ing creation and cataclysms or biologists 
were appealing to mysterious vital 
forces, there arose always before them 
the shining example of perfect orde 


and comprehensibility in the motions of 
the Whenever 


tists or were inel 


heavenly bodies 


philosophers 


take a narrow view of the cosmos in 


space or in time, the limitations the 


were about to impose were contradicted 
celestial Spaces 


I 
f +} 
rf the 


by the immensities of the 
and the long cycles in the motions « 
planets 

It is universally agreed that evolution 
is one of the most Important concepts In 
science 


As has 


sclence 


In a sense it completes science 


been stated, the basis on which 


the 


orderliness is 


rests 18 order] ness of 


universe, and 
the approximately) evelical character of 
phenomena. But phenomena are not ex 


actly repeated. For example, the cycles 
of the moon’s motion do not exactly re 


eur, nor do the waves on the sea or the 
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characteristics of living organisms. Evo- 
lution provides for these continual vari- 
ations; indeed, it depends on them. The 
departures from cyclical repetitions of 
phenomena are not discontinuous or 
relatively large. They are rather in the 
nature of slight modifications in the 
eveles that we regard as essential to 
order. But when variations occur on 
the whole in one direction over long 
periods of time, as they may, the 
changes eventually become very great. 
So the fundamental basis of science as 
enlarged and enriched by the principle 
of evolution provides us with a universe 
that is orderly in a limited sense and not 
essentially unchanging. 

Although evolution was adumbrated 
in the writings of the Greek philoso- 
phers, it could not take definite scientific 
form until recent times. It found its 
first clear expression in astronomy about 
a century before Darwin published his 
‘Origin of Species.’’ Curiously it ap- 
peared independently in three coun- 
tries; in England in 1750, in a book by 
Thomas Wright; in Germany, in 1755, 
in a brilliant volume by Emmanuel 
Kant; and in France, in 1796, as a chap- 
ter in a general survey of astronomy 
with which Laplace followed the publi- 
eation of his monumental ‘‘ Mécanique 
Céleste.’’ Each of these writers at- 


tempted to trace out the evolution of the 


solar system on the basis of the princi- 
ples of mechanics. 

Of the three theories of planetary evo- 
lution, that of Laplace had by far the 
ereatest influence, partly because of the 
great name of its author, partly because 
of its relative simplicity and partly be- 
cause the scientific world was gradually 
being prepared for such revolutionary 
ideas. The nebular hypothesis of La- 
place, as it was called, gradually became 
widely accepted in science. It pointed 
to a long history for the earth and un- 
doubtedly had an important influence in 
the struggle among geologists over Ca- 


tastrophism and Uniformitarianism in 


the early decades of the nineteenth 
tury. It accustomed scientists to tl 
ing of change in long periods of 
and thus prepared the way psycho 
cally for the theory of organic evolut 
It affected the philosophy of Sper 
and its influence extended even to 
ology. By the beginning of the twent 
eth it had tinged the thoughts of all 
world. 

Since all our knowledge of celest 
bodies is obtained from the radiant 
ergy we receive from them, astrono1 
from the time of Galileo have been int 
ested in the properties of light Al 
1608 Jan Lippershey used the prop 
of the refraction of light in desig: 
spectacles. Upon hearing of this w 
Galileo at once invented the refract 
telescope and with it observed craters 
the moon, the largest four satellites o! 
Jupiter and spots on the sun. For d 
ferent reasons each of these discove! 
was of great interest and importa) 
But with inereasing telescopic pov 
difficulties arose because different co 
under given conditions are refracted 
different amounts. To avoid these 
fects, telescope makers turned to the 
of mirrors until John Dolland, al 
1750. discovered how to eorrect 
errors in refraction by using two pi 
of glass having approximately comp 
sating properties. Thus about a cent 
before the invention of photograph) 
requirements of astronomy led to the « 
sign and construction of achromat 
lenses without which good photogra) 
can not be obtained in white light. 

One of the properties of light wl 
has come to play a fundamental role 
recent physical theories is its velocit) 
vacant space. The fact that light 
verses interplanetary spaces with a fir 
though very great, velocity was dis 
ered by Romer, in 1675, only sixty-six 
years after the invention of the 
scope. In this day it is difficult to a] 
preciate the rapidity of the developn 
of observational astronomy which led t 












































tanee around 


i] 
l} 
isly 
the 
] “ity 


ron 


of 


too large. 


discovery 
ed at a finite velocity is illus- 
Laplace at- 
to deter 


yoitt 
‘ itt 


d by 
ted. 


the 
but 


pon scientific thought. 
detract 
value obtained by Rémer for 


without 


from its 


light was about 


20 


DEDICATION OF THE FRANKLIN MEMORIAL 


liscovery or the profound effect it 
It does not 
importance 


per 


The stimulating effect 


that radiant 


that 


SUCCESS, 


fact 


the velocity of gravitation. 


energy 


IS 


dur familiarity with the numbers used 


rations in a second is, 


t) 


S 
{ 
W 


xpressing the properties of radiant 


‘ry dulls us 


represent. 


to the an 
The highest 


which scientists were 
the time of Romer were 
‘tiles and of sound in 


or of the 
nds But 
it a S} 


lazing realities 
velocities 
familiar be 


those of 


the atmos 


order of a mile in five 
through 


light flashes 


the earth in a 


reed equal to seven times the 


second. 


leneths of its waves are of the order 


hit 


ot 


y thousandth of an inch. 


rhe 


its mysteriously transverse 


in the case of 


w light, greater than the number of 


nds in 18,000,000 vears. 


These are 


quantities that a world familiar only 


such 


things as the diameter of a 
>and the speed of the flight of birds 


suddenly asked to accept as realli- 


‘or more than a century astronomers 
ented the fact that there is disper- 
of light because it impaired the ex- 


ence of their telescopes. 


Then they 


i lually came to realize with the devel- 


en 


t and application of the spectro- 


pe that the composite character of 


and its easy separability into its 


ferent wave-lengths place within their 


nds an instrument of the most extra- 


nary value. 


et us sketch briefly the history of the 


analy SIs. 


into its 


constituent 


elopment of the principles of spec 


In 1666 Newton passed 
nlight through a prism and broke it 


colors, 





and 


he 





recombined them into wl t by 
passing them through a similar prism in 
reversed position kor more than a cen 
tury little progress was made in the 
analysis of light because all experiment 

ers passed it through a small cireular 
opening before it reached the prism, the 
images of which overlap and impair det 

nition. Finally, in 1802, Wollaston in 
troduced a narrow slit in place of a 
prism, the images of which are distinct 


Immediately progress was rapid 
By 1817 ined 
324 characteristic absorption lines in the 
if the All that remained 


prince] 


lines. 


had deter 


Fraunhofer 


SUD 


spectrum 


was the formulation of the les of 


spectrum analysis in order to interpret 
the meaning of the Fraunhofer lines and 
to place in the hands of ast rs a 
new means Of investigation I most 
extraordinary and unexpected impor 
tance. These principles were first ap 
proached by Angstrom, in 1853, and by 
David Alter, of Freeport, Pa., in 1854; 
they were completed in their present 
form by Kirchhoff betwee 1859 and 


1852. 


And what of the results obta db 
means of the spectroscope ? bv its use 
astronomers have determined the chemi 
cal constitution of the sun, its tempera 
ture, its period of rotation, th ities 
of its violent eruptions, its magnet Ol 
dition, its distance from the earth, t] 
density of its atmosphere, and have ob 
served its prominences even when it 1s 
not eclipsed For most scientific mp 
poses the spectroscope has brought the 
sun down to the earth It has b me a 
physical laboratory in which the prin 
ciples of spectrum analysis are verified 
in the flash spectrum at the time of an 
eclipse, in which temperatures beyond 


these of terrestrial laboratories are al 
ways available, and in which theories of 
ionization can be verified 

As applied bevond the solar syste 
the spectroscope enables as nomers to 
determine the constitution of the stars, 
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their their velocities in 


the line of sicht. 


temperatures, 
often whether they are 
double and their periods of revolution, 
densities of certain of 


and 


the masses 
them. in some eases their periods of rota- 
existence and 


molecules and 


tion, their distances, the 


character of interstellar 
the dimensions and the pe riod of rota 
tion of our galaxy 

Far beyond the borders of our galaxy 
hundred 
dred mil- 


distance 


are other galaxies, perhaps a 
million of them within five hur 
light 


Can be 


lion cvreatest 
that 


means of 


years, the 
reached at present. By 
the spectroscope astronomers 
prove directly in many cases that these 
also measure 


valaxies are rotating and 


their velocities of rotation. From what 


astronomers learn about these foreign 
galaxies they acquire a much _ better 
understanding of our own. There is, 


however, one phenomenon revealed by 
the spectroscope in connection with ex- 
that 
pected and has led to the most startling 
refer to the fact that 
their spectral lines are displaced toward 


cvalaxies was wholly unex- 


terior 
eonelusions | 


the red end of the spectrum by amounts 
that are directly proportional to their 
Whether the true explana- 
tion of these displacements of spectral 


distances 


lines is that they are due to velocities of 
recession which are greater the greater 
the 
reasonable from theory and from experi- 


distance of the galaxy, as seems 


ence in our galaxy; or whether the ef- 
ects are due to gradual diminutions of 
the quanta of energy in the passage of 
light through the 


of intergalactic space without changing 


enormous distances 
Planck’s constant, it is perhaps too early 
to decide 
phenomena are raising questions of the 
And the 


applications of the spectroscope to the 


In any case, these observed 


most fundamental character. 
sun and to the stars in our own galaxy 
impelled scientists to speculate on 


the 


have 


the origin of radiant and 


energy 





THE SCIENTIFIC MONTHLY 


condition of matter having a densit 


the dwarf stars, twenty thousand 
as great as that of water. 

It would be inexcusable to close 
referring to M 


son’s attempt to measure the velocit 


remarks without 


the earth with respect to the ether ; 
his failure to find the expected res 


for it led eventually to the theo 
relativity and entirely new concept 
respecting the nature of the univ 


and of Moreover, it ma 
noted that nearly all the tests of 


validity of the 


science. 
equations of relat 
are astronomical in nature 

In summary, science originated in 
servations of the heavenly bodies, 
its anthropomorphic character was s 
cessively weakened by the requirem 
of astronomical theories The exte 
universe has taught us much about 
earth 
about 


and its sciences, and much « 


the workings of our own mi! 
The universal genius whose memory 
honor to-day lived too early to k 
about most of the things of which I h: 
spoken. But his daring spirit roa 
thus widely through and beyond the s 
ence of his day, at one time reading 1 
records of ancient life preserved in f 
another draw 


sils in the rocks, at 


lightning from the clouds. at 


finding delight in the 


anotl 
wild flowers 
the fields, at another turning his ey 
As a tril 
ute to him I should like to paraphr 


and his mind to the stars. 


an epitaph which 


tomb of Newton in 


appears over 
Westminster Abbey 


where England has buried her nob 
dead. In free translation it is: ‘‘M 
tals, congratulate yourselves that 


great a man has lived for the honor 


the human race.’’ Concerning Bet 
min Franklin let us say: Americans, 
us congratulate ourselves that so gr: 
lived for the 


a man has honor of « 


country 
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VOLCANOES, GEYSERS AND HOT SPRINGS 


By Dr. ART 


OPHYSICAL LABORATOR 


OUGH voleanoes have been a sub- 
active inquiry for more than two 


ed vears and hot springs for per- 


s half that time, there is an authori- 
lume (Meunier, ‘‘Les Convul 
|"Eeorce terrestre’’) published 

as 1910, which warns us not to 

st voleanie phenomena with 

lo-voleani¢e activity’’ (hot springs, 

voicanoes, ete More intensive 

s of recent years, to which I invite 

ittention, seem to prove that all 

henomena are but phases of the 

. terrestrial activity. The picture 
outlined in this way. 

\n outbreak of volcanism obviously 

‘ur only in a region where the fluid 

i approaches much eloser to the 

: ‘e than in other regions To raise 
’ uestion whether structural weak- 
| s of the overlying crust or the inher- 
boring power of magmatic solvents 

iinly responsible for the opening is 

s immaterial, since both factors 
btless enter into the determination 

FOS most voleanie vents. Also whether a 
itpouring takes place along a rift, 
leeland, or through a _ well-estab- 

| central cone, as at Vesuvius, is a 

“yes stion of local physical factors and 
ril their distribution. Local temperature, 
. sition and fluidity of the magma 

t] the magnitude of the accumulating 
ey ire below are factors calculated to 
st out and determine the point of 

lor test weakness in the overlying crust. 
$ ( a very hot, highly fluid magma, 

is the basalt of the Hawaiian vol 

s, and the eruption will usually 

sist of an explosive release of the 

eat mulated gas pressure at the top of 
va column, followed by a more 
| escape of its volatile content 
ss at the dedication of the Franklin 
May 20, 1938. 











HUR L. DAY 


y, CAR 


and a quiet outpouring of tl 


In other cases where the viscosity of the 
magma is greater an outbreak will as 
sume a quite different aspect, usually 
«L ] : { 

marked by dangerous explosive res 
The ec} ief emp! asis tor our cons ‘ 

tion at the moment lies in the fact that 
the magma itself brings to the surface 


an immense source of energy 


be released under conditions determined 
by the amour ' this energy, the chem 
‘al and physical constitution of the 
magma and the local resistance of thi 


restraining crust The facet that 


magmatic sources of energy do approac! 


the surface in this way 1s readily estab 
lished wherever borings have been made 
in such regions, for the ground tempera 
ture downward rises very rapidly thers 
as compared with other regions wher 
no such approach occurs 

When the magma, hig! ly chargé d 
with superhe ated steam and other gases, 
approaches close to the surface in this 


it is obvious that partial release of 


way 


4 


its energy at the surface may also take 


place slowly by gas seepage or chemical 
attack upon the adjacent rocks vel] 
as through an opening forced throug! 
a weak cover 

From this point our consideration 


leads us to inquire what the composition 


and physical character of the magma 
may be at these p ts ipp! to 
the surface and what conseq Ss may 
be expected at the surface as a result of 
this approac] 

It is now nearly 200 years since Spa 
lanzani observed that n ! fl 
ing out upor e surta did t bur 
on reaching the air and its | d ndi 
tion could not be due to burning s , 
or other fuel. He also appears to have 
been the first to s ispect that the magma 
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which accounted for the explosive fea- 
tures and for the porosity of the lava 
solidification. He 
that its fluidity may have been due to 
the 
and that water may have been included 
them. It frequently 
the earlier that 
showers of rain often follow immediately 


after also intimated 


presence of these volatile materials 


among was also 


noticed by observers 


upon volcanic outbreaks, which can be 


attributed to the condensation of escap- 
ing steam. 

It is not my purpose to follow through 
the 


confusion of the 
controversy down 
to the the 


character of this participation of water 


and 
has 


ramifications 
which continued 


present century regarding 


1.€., steam) in voleanie outbreaks, a 
participation which appears always to 
but imperfectly 
and often flatly denied. Indeed as re- 


cently as 1911 Brun? published an elab- 


have been understood 


orate volume containing analyses of col- 
lected which pur- 
ported to show that all voleanic emana- 
This 


standing was dissipated the following 


voleanic products 


tions are anhydrous. misunder- 


year,® when voleani¢ gases were collected 
at Kilauea before they could be altered 
by contact with the air and considerable 
quantities of water condensed therefrom. 

Out of this long controversy we may 
and other 
identified 
ingredients of the 
ground and participate actively 
in all the phenomena of volcanism. It 
for effect 
have sur- 


conclude that water (steam) 


gases which have since been 


are essential magma 


below 


remains us to consider what 
this upon the observed 
face behavior of both at 


may 
voleanoes rest 
and in action. 

In the first place it may happen that 
as the magma approaches the surface 
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column of 
from t} 
the solvent action of these concent 


the rising 


magma. It 


top of 
must follow 


volatiles (water and acid gases 
the overlying structure must be 
erable at these high temperatures 
1000° C.). 
solvent action must find and folloy 


the ove 


Such increased mobility 
of structural weakness in 
crust (faults, joint cracks) and so { 
tate the continued rise of the magn 
column and determine its directi 
the stored-up energy (pressure 

is very great rupture and a violent 
canic outbreak may be expected t 
velop eventually, which may be li 
to the partial escape of the comp 
eonecentrated volatiles (¢ c. & 
at the top of : 

may include or be followed by t! 


and 
heated steam ) 


highly charged liquid lava itself, 
the case of a bottle of soda water 
denly opened. Such an outbre: 
magmatic energy is obviously a v: 
But, suppose instead of this that 
magmatic column approaching the 
face encounters porous ground, a! 
accumulated volatile 


upper layers of the column find 


materials i 


tunity for escape by seepage, what 
is the The chemically a 


(chlorine, fluo: 


result ? 
gaseous ingredients 
sulfur) may gradually filter away 
expend themselves in reactions it 
passages of the overlying rock, e 
ing these and perhaps altering the 
position of the itself, while 
superheated steam will continue on 


rock 


it either escapes or condenses at or né 
Both of these activities 
sult in a gradual release of the press 


the surface. 


at the top of the magmatie column 
haps to the extent of preventing a! 


and the overlying load diminishes, some 


plosive rupture of the restraining crust 


these 
the 
2**Recherches sur 1’Exhalaison Voleanique,’’ 
Geneva, 1911. 
A. L. Day and E. 
Voleanie Activity,’’ 


573, 1913. 


concentration of 
occur at 


Separation and Such cases exist and are revealed by 
vaseous ingredients may chemical alteration of the rocks. by 4 


chemical content and temperature oi 
surface springs and by the rapidly 
ground temperature immé 
ately below the surface. Where ruptu! 


S. Sherphe 


rd, ‘* Water and 


Bull. Geol. Soc. Amer., 24: creasing 
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; 


s occurred and a volcanic explosion gredients will also enter 
takes place, there is of course abundant water to greater or less extent, ; 
readily available evidence of the ac- to their quantities and solubil 
ty of the volatile ingredients con- W here these circulating surface 
ed in the magma. When the erup- appear in springs above gr 
has subsided and the voleanic con- read therein the record of 
is again wholly or partially closed, curred. The springs will be 
must suppose that the release of pres- of cold, they will contain carb 
at the top of the column has stimu- hydrogen sulfide, chlorine, ete 
ed the rise of these volatile materials portions appropriate to the solubility of 
m greater depths (and higher tem- these gases under the prevailing 
itures) within the liquid mass below tions. Or, if the non-condensable 
their escape under the ordinary are in excess, we may find them 
t} 


surtace Springs 


tion of gravity. These gases are near through the 
escaping into the air 


surface now in a zone already per- and s 
rated and may therefore readily find may still be caught and analyze 


s of escape by the slower processes Or again suppose these mag! 


i 
| 


seepage and filtration until they en- nations happen to rise beneat 
nter the eold ground water at the slopes, where little or 

e Thereupon magmatic steam ground water is found 

condense, soluble gases (carbon di- of two results will be 
le, chlorine, ete.) will begin to enter Very small springs highl: 
ition in the surface water and the with the acid ingredients 
d gases (hydrogen, nitrogen) will the magma, or (2) the free 
tinue on until they escape at the magmatic gases, including 
face. the air without previous ¢ 
This ground water has its own cireu- by ground water. In the first ¢: 


mn above ground, beginning with the result strongly acid springs 


+ +] 


fall which is distributed by surface size and turbid, because 
inoff and by absorption into the sur- tack upon the surrounding 
layers and openings, and again be- the second the free escape of magmat 
ground in seepage and through gases into the air as roaring fumarole 
t-eracks. Obviously the rainfall in’ or steam jets 
voleano region will find the ground Thus we have broug 
temperature rapidly increasing as it category, now abundan 
ps downward and its penetration will experimental studies in 
emain shallow and sharply limited’ the volcano and the hot 


y+ 


a Bes 


erever the boiling temperature is magmatic column rising 
ched. carries with it a vast amount 
we now suppose that in these re- pressed energy the crust may 
ns superheated steam from the _ lently ruptured and an explo 
agma, more or less associated with the break of both gaseous and liqi 
er gaseous products (earbon dioxide, dients of the magma will in 
rine, sulfur), to be approaching the sult. When this violent phase 
face from below and to encounter’ sided and the major conce 
» surface-water circulation, certain re- the more volatile portion of 


S are immediately obvious. The magma near the surface has 
perheated steam will condense, add its charged, it will almost certal 


ent and superheat to the surface lowed, throughout the perforated region 


ter and mix with it; other gaseous in- by the continuing seepage of the vol: 


latile 
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ingredients which may be traced intensive study of this region, undertak 
through the hot springs for hundreds or during the last seven years, has prov 
thousands of years thereafter, or may a number of the supporting facts 
be Interrupted from time to time by above analysis. Borings in two diff 
more violent phenomena in case the _ localities revealed, in the region of 1 
main conduit becomes closed or the ac- abundant surface water supply, a 
cumulation of energy below ground is perature of 180° C. at 406 feet below 
too rapid to be satisfied by seepage surface, in another region, of some\ 
release less abundant surface water and t!] 
Thus, for example, in the North Island fore greater concentration of the prod 
of New Zealand we have a perforated of voleanic emanation, the temperat 
zone running northeast and southwest reached 205° C. within 246 feet of 
more than half way across the island. surface. Steam pressures at the bott 
This hot-spring region is of considerable of these bore-holes amounted to 57 
extent and includes at one end, and again 297 pounds per square inch, respecti 
near the middle, an active voleano. One Here also in the course of a che 
of these voleanoes (White Island) rises study of the hot springs it was found t 
from the sea beyond the coast line, is in the basins, with abundant surfa 
more or less continuously active, though water supply, the acid concentrat 
only oceasionally violent, and a number’ were found to be small, and on the 
of hot springs and fumaroles are found — sides, where water was much less al 
there. Some of these are so highly dant, the acid products of voleanic 
charged with the acid emanations from tivity were much more highly cor 
the magma that the acid concentration — trated. 
in the springs sometimes reaches 10 per In discussing the origin, behavior a 
cent. It is the highest concentration of chemical content of hot springs it is 
volatile magmatic elements which has_ to bear in mind that a hot spring diff 
hitherto been observed. from a cold spring not merely in the | 
The other voleano (Tarawera) was that it chanced to pass through hot r 


violently active in 1886, the explosive instead of cold ones in coming to the 
the | 


activity tearing the mountain wide open’ face. If this were the case 
from summit to base and opening a rift springs might be expected to cool rapid 
beyond the base into the hot-spring valley and so presently to become cold ther 
below which extended for a distance of selves, for the rocks conduct heat | 
nearly nine miles. Thus we have an inti- poorly. Take a notable example by 
mate association in present time of active of illustration The spectacular 0 
voleanism and hot-spring activity in the Faithful geyser in Yellowstone Pa 
same area. It also fits in nicely with the erupts quite regularly, about once 
above general outline that the hot-spring hour, an estimated 10,000 to 12,000 
activity in the rift zone appears to be lons of boiling water and so brings to t! 
considerably diminished in volume and surface a nearly uniform quantity 
intensity since the explosive release of boiling water annually. It is a matt 
the high concentration of energy in 1886. of simple arithmetic to discover that t 
On the other hand, we have in the heat necessary to maintain this intern 
Yellowstone Park a lava plateau of much tent hot spring would require about 
more ancient date, in which the old square miles of red-hot rock surface 
centers of volcanic activity are long since average heat conductivity, renewed 
closed, but which still shows abundant  nually, merely to heat the water regular 
hot-spring activity throughout its extent distributed by this geyser Here it 
of nearly 60 miles north and south. An_ pertinent to add that none of the | 
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thrown out by Old Faithful re- 
s down the conduit to aid in the next 
n; neither does the extreme cold 
nter 


| of its eruptions or the amount of 


which is thrown out hourly. We 
the fact that a 


other large geysers and some hun- 


] 


also reckon with 


ls of smaller hot springs share with 


¢ 
PS, OT 


T 
i! 


ny of 


Faithful the water supply of the 
Geyser Basin in which it is located 
s leads us, I think, to an inevitable 
that the latent heat of 
s superheated steam coming from 


iS1IOn more 


magma below, seeping upward 
rh hot ground and condensing upon 
t with the circulating ground water 
the surface, is the only continuing 
of energy which can possibly ac- 
the uniform continuous 
heat to hot 
es with a record of activity in their 
by the 
nt of sinter deposited upon their 
the order of 
10.000 years. 


and 


groups ot 


for 
creat 
measured 


nt location, as 


magnitude of at 


elaboration of this hypothesis it is 
that of deep 


orthy in regions 


ind-water circulation this transfer of 


t occurs at greater depth and so under 


able 


er pressure 


and than 
hillsides, where the transfer must 
place near the surface the 
» of water and the amount of heat 
are both smaller. It 
in consequence of this that neither 


temperature 
where 
is doubt- 


» hot springs nor geysers are found 


‘urther proof is available that hot 


gs in voleanic regions are heated by 
of the 


waters, 


nsing out original 


steam 
itself 
ate by flowing over the rocks or be- 


na Surface which 


rround through crevices or joint- 


ks, always carry in solution traces of 


efinite 


ck materials through which they 
passed. All springs therefore bear 
the of 
the water has passed be- 
the 


of kind rock 


record 
igh whiel 
the 


of soluble ingredients of 


alter appreciably either the 


MEMORIAL 


rock which are carried in so 
the | 


SO tT 


happens that 


Yellowstone Park carry varial 


minerals from 


ident 


But they als 


T1eS OT SOL 


which are readily fiable 
eal analysis 
chemical elements not fi 
jacent rocks, such as 


il a su 


boron, chlorine and fluorine 
characteristic ingredients of 
We 
proof of the participation of tl 
hot 


are 
emanations have theref 


vases 1n 

The 
fectly 
have b i 


spring activity 


chemical evidence 

into the physical pi 
behavior 

to the surface 


lt up of the 
on approaching close 

in altering the 
intrudes 


o the 


cks into which it 


of the r 
ond, in supplying ingredients 
ground 


culating surface waters 


no other s 


‘ed to 
and finally to provide a e 
of 
hot 


outbreaks of 


which can be tra 
mtinuous se 


energy over lons riods of 


springs, geysers and intern 


voleanism 


compos 1 


waters 


Up to this point little mention has been 


made of geysers which form an integral 


reason for 


of our title The 


lies in the 


part 


fact that the geysers 


a very Spt nal Case ot 
occur only in particular | 
frions where certain 


very 
phy sical conditions are fou 
that we 
not only a continuing supply 
heat below, 


superheat« d steam 


ma\ hav 


»a geyser W 
from represe 
as in tl 
hot springs but also an 
of circulating 

manner o! 
special 
occur W 
rround 
opposed 


nary seepage These cha 


ably the outeome ot earher 
' the 


t! 


IS 


form but 
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have pockets of such character and dis- 
tribution that water may enter and steam 
pressure may accumulate faster than it 
can eseape by seepage. Such pockets or 
chambers imply a fairly deep-seated cir- 
culation compared with other surface 
waters in the voleano region, and some- 
what greater age is indicated than in the 
case of the more widely distributed quiet 
hot springs. Both of these conelusions 
seem to follow from the fact that they 
must support pressures adequate to dis- 
charge considerable columns of water 
often to heights of several hundred feet. 
This seems to imply a period of existence 
sufficient to provide chambers of consid- 
erable size and to seal them more or less 
effectively through deposition of mineral 
matter from the circulating water itself. 

There are but three major geyser re- 
gions known in the world to-day. The 
largest is in the Yellowstone Park, which 
has already been mentioned ; next to it in 
the number of its geysers is the North 
Island of New Zealand, and finally the 
well-known Iceland, 
which, by the way, contains relatively 
few geysers but hot springs in thousands 
several intermittently active vol- 
canoes. The geysers of Iceland were the 
first to become widely known, and the 
comes from 


geyser region of 


and 


word ‘‘geyser’’ or ‘‘geysir’’ 
that country. 

The Yellowstone Park in the 
geyser phase appears to have reached its 
highest development is farthest removed 
in time from any volcanism. 


There are glacial boulders from the last 


which 


active 


ice age scattered over some of the hot- 
spring formations which may indicate an 
age of upwards of 50,000 years. In both 
Iceland and New Zealand, where the 
number of geysers is much smaller, active 
voleanism is still closely associated with 
all the hot-spring activity. This fact 


may be relevant to the conclusion that 
time is also necessary for the development 
of the peculiar local formations in which 
geysers are built up. 

The mechanism of a geyser is not fully 
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understood even to-day, although By 
sen, as early as 1847, offered a theor 
the mechanism of the Great Geyser 
Iceland which has (somewhat arbitra: 
received general application and 
tance for all geysers since that time 
not to be forgotten that Buns 
offer it as a general theory . y B 
was the Yellowstone Pa: | 
the Buns 
wrote. Perhaps it is not strange t! 
does not fit the Yellowstone geys 
Being developed from observations « 


ought 
did not 
geysers, nor 


discovered at time when 


single geyser Bunsen’s theory app 
to-day in the light of available moder 
data to be precisely what Bunsen 
tended it to be, namely, a mechanism 1 the ] 
account for the Great Geyser only. Its 
application to the other geysers of 
world is not quite justifiable without a freqi 
propriate adaptation. For example, 1 and 
Great Geyser of Iceland in Bunsen’s tir 
erupted periodically through a large s! 
low bowl at the surface. With the sul 
sidence of the eruptive feature the 
cumulation of cooled water in the surt 
bowl retreated down the tube and disa 
peared, presumably aiding to cond 
the compressed steam below and so to ¢ Z 
the eruption. In the Yellowstone Pa 
most of the geysers are without this cat 
basin at the surface and therefore do 
return this cooled water to the zon¢ 
high steam pressure. According to Bu 
sen’s mechanism, therefore, such greys 
eruptions would not stop but would 
on in continuous steam jets without int 
mittent features. It is likewise perti 
to call attention to the fact that Buns 
theory of the mechanism of the Great 

Geyser provides for a strictly per H 
system, 1.¢., for eruptions at substantia 
equal time intervals. With the ex 
tion of Old Faithful, to which refer 
has already been made, few of the Y 
exhibit even approx i) 
the time interva | 
The Giant, for & 
ample, plays at intervals of from tw 


lowstone 
mate uniformity in 


reysers 





between eruptions. 


eighteen days. 
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have pockets of such character and dis- 
tribution that water may enter and steam 
pressure may accumulate faster than it 
can escape by seepage. Such pockets or 
chambers imply a fairly deep-seated cir- 
culation compared with other surface 
waters in the voleano region, and some- 
what greater age is indicated than in the 
case of the more widely distributed quiet 
hot springs. Both of these conclusions 
seem to follow from the fact that they 
must support pressures adequate to dis- 
charge considerable columns of water 
often to heights of several hundred feet. 
This seems to imply a period of existence 
sufficient to provide chambers of consid- 
erable size and to seal them more or less 
effectively through deposition of mineral 
matter from the circulating water itself. 

There are but three major geyser re- 
gions known in the world to-day. The 
largest is in the Yellowstone Park, which 
has already been mentioned ; next to it in 
the number of its geysers is the North 
Island of New Zealand, and finally the 
well-known geyser region of Iceland, 
which, by the way, contains relatively 
few geysers but hot springs in thousands 
and several intermittently active vol- 
canoes. The geysers of Iceland were the 
first to become widely known, and the 


sé ‘ 


word ‘‘geyser’’ or ‘‘geysir’’ comes from 
that country. 

The Yellowstone Park in which the 
geyser phase appears to have reached its 
highest development is farthest removed 
in time from any active voleanism. 
There are glacial boulders from the last 
ice age scattered over some of the hot- 
spring formations which may indicate an 
age of upwards of 50,000 years. In both 
Iceland and New Zealand, where the 
number of geysers is much smaller, active 
voleanism is still closely associated with 
all the hot-spring activity. This fact 
may be relevant to the conclusion that 
time is also necessary for the development 
of the peculiar local formations in which 


gevsers are built up. 
The mechanism of a geyser is not fully 


understood even to-day, although B 
sen, as early as 1847, offered a theo: 
the mechanism of the Great Geys 
Iceland which has (somewhat arbitra: 
received general application and a 
tance for all geysers since that time 
ought not to be forgotten that Buns 
did not offer it as a general theory 
geysers, nor was the Yellowstone Pa 
discovered at the time when Buns 
wrote. Perhaps it is not strange t! 
does not fit the Yellowstone geys 
Being developed from observations . 
single geyser Bunsen’s theory app 
to-day in the light of available mod 
data to be precisely what Bunser 
tended it to be, namely, a mechanis1 
account for the Great Geyser only) 
application to the other geysers 
world is not quite justifiable without ; 
propriate adaptation. For example 
Great Geyser of Iceland in Bunsen’s tir 
erupted periodically through a large s 
With the s 


sidence of the eruptive feature th 


low bowl at the surface. 


cumulation of cooled water in the su 
bowl retreated down the tube and disa 
peared, presumably aiding to cond 
the compressed steam below and so t 
the eruption. In the Yellowstone Pa 
most of the geysers are without this cat 
basin at the surface and therefore d 
return this cooled water to the z 
high steam pressure. According to Bu 
sen’s mechanism, therefore, such 
eruptions would not stop but would 
on in continuous steam jets without int 
mittent features. It is likewise pertin 
to call attention to the fact that Buns 
theory of the mechanism of the G1 
Geyser provides for a strictly per! 
system, 1.¢., for eruptions at substantia 
equal time intervals. With the ex 
tion of Old Faithful, to which refer 
has already been made, few of the \ 
lowstone geysers exhibit even approx 
mate uniformity in the time inter‘ 
between eruptions. 
ample, plays at intervals of from tw 
eighteen days. 
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this is not the appropriate 
rv of til r place for the discussion of these 


s, but it is surely sufficiently plain 


}2 eT Ips 
l la} 


such illustrations that the mecha- 


of a geyser, whether periodic or 
somewhat 


intermittent, is more 


ns ntricate than the simple one suggested 


: y Bunsen nearly a century ago. 
al It is a matter of some interest in pass- 
ns ‘ that many geysers have not proved 
be permanent features of hot-spring 
even during the years of this 
when they have been 
The Excelsior, 
was probably the greatest geyser 
appear in the Yellowstone Park within 
period of historic record, apparently 
Its stroyed its own ‘‘plumbing’’ by the 
t ence of its eruptions, for rocks were 


~ | | ty ‘ 
nt century 
r closer observation. 


juently thrown out during eruptions 
i the violent intermittent explosions of 
weyser, Which were characteristic of 
osing years of the last century, have 
given way to a continuous flow of 
water 
Yellowstone Park, had a similar, 

eh much shorter, history (about 18 


The Imperial Geyser, also 


months). Waimangu Geyser, in New 
Zealand, which probably threw water to 
eater height (over 1,000 feet) than 
other geyser known to us, appears to 
‘ended a three-year period of geyser 
vity in 1905, and to-day not even a 
spring marks its former location. 
ese are exceptional cases and hardly 
g rove anything more than that too great 
ncentration of power sometimes leads 


the rupture of the sealed chambers and 
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tubes which are necessary to such regu 


lated discharge As has been stated 
above, the deposition of silica sinter 
geyserite) about some of the geyser 
openings indicates continuous activity in 


the same spot for upwards of 10,000 years 
at which such deposition 
Grotto, White Dome and 


Park 


at the slow rate 
occurs. Castle. 
Old Faithful geysers in Yellowstone 
are illustrations of this 

It is also true that new geysers some 


times appear in these geyser regions and 


others long dormant return to activity 
after vears of complete subsidence lhe 
New Zealand field contains several nota 


ble examples of these long 
(Waikite, Pohutu 


Such a presentation of the voleano-hot 


pauses It} 


rey ser history 


spring problem can provide but the brief 
est sort of summary of the long campaign 
of field and laboratory studies extending 
over more than twenty-five years in time 
and but 
it is hoped that the evidence here brought 


untries, 


into several different ec 
together is sufficiently pertinent and con 
vineing to leave no reasonable doubt that 
voleanoes and hot springs have a common 
the magma ap 


source of energy, hame ly, 


proaching the surface and cooling there, 
and that the most both in 


volcanic springs 


active agents 


outbreaks and in hot 


are the more volatile components of the 


magma which seek to escape as it ap 
proaches the surface, and whose subst 
quent behavior is determined by their 
composition, by the total energy avail 
able, the temperature and the local con 


ditions encountered 


HUMAN HEREDITY AND MODERN GENETICS’ 


By Professor T. H. MORGAN 


TE OF TECHN 


OLOGY 


chosen until a friend called my atten- 


tion to an anecdote tol by 


Some Madeira wine, t t had been bottled in 


Virginia, had been sent to England At the 


opening 
pening 
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t} a f » the first g ea f t was f | 
H g se ’ d vned flic 
\ ca a gr ed | ne rays of 
tl n, I pr ln ng the « ment o1 
tl vere therefor x} 1 to the s 

t h had en d to strain 
t ! ) I I ( In ss tT three hours 
; f + n began | deg ( r it 
they raised themselves upon their legs, wiped 
their eves with their forefeet, beat and brushed 
their wings with their hind feet, and soon after 
began to fly, finding themselves in Old England 
wit! t Knowing how they 


Then, it became clear to me that it was 
my own interest in flies that suggested to 
some one that I might be able to explain 
the resurrection of Franklin’s prodigies. 

There are several explanations of 

Franklin’s anecdote that have occurred 
to me—and possibly one that has sug- 
gested itself to all of you—But why spoil 
a good story by explaining it? 

Any discussion of human_ heredity 
must emphasize the fact that man has a 
dual form of inheritance, one of which is 
peculiar to him and absent in all other 
animals. He inherits not only the phys- 
ical attributes of his kind, but also, in a 
different way, the traditions of the race 
to which he belongs. The child learns 
partly by imitation, partly by instruction 
and individual experience, and with the 
beginning of speech and the invention of 
writing and printing the inherited racial 
traditions have come to play an all-im- 
portant role in the later evolution of man 
kind) 

The question then arises whether the 
habits that have been individually ac- 
quired by imitation or training will be 
impressed on the brain of each individual! 
to become later a part of his physical 
or shall I say his biological inheritance. 
This is a very old problem that began 
with the Greek philosophers. Four hun- 
dred years before Christ, the father of 
medicine, Hippocrates, advocated the 
view that each part of the body added 
its contribution to the male element of 
procreation and thereby transmitted not 

only the racial characteristics of the 


male parent but also any additio 
dividual characters acquired by tl 
ent during life. This is the first 
torical record we have of the theor 
the inheritance of acquired chara 
Democritus, who lived at about the 
time, held a similar view. It is n 
probable that such views were widel: 
seminated in the folklore of still 
ancient peoples. 

A hundred years later Aristot] 
cussed the problem pro and econ, 
the whole rejected the view that 
part of the body contributes somet 
that goes into the make-up oft thi 
minal material, but he seems nevert! 
to have avcepted the doctrine of 
transmission of acquired characters 
more subtle way 

This doctrine persisted throughout 
long period between 400 B.c. and 18 
v.€., for 2,200 years, as Zirkle has rece 
emphasized. It was generally acce 
even by the church fathers, and 
again brought to the notice of the mo 
world by the well-known French | 
gist, Lamarck, in 1806. Later it be 
a cardinal point in Charles Darw 
theories of evolution, whose hypot! 
of pangenesis restated the ancient 
trine of Hippocrates. However, | 
Lamarck and Darwin made use of 
theory in an entirely new way. 1 
both tried to explain on its principles t 
procedure by which animals be 
adapted to their environments, and, : 
result, they attempted to explain I 
evolution has taken place. 

Seventy years after Lamarck, Au 
Weismann (as had Kant before h 
challenged the doctrine of the inherita 
of acquired characters in his fai 


y 
{ 


theory of the continuity of the g 
plasm. In substance Weismann’s the 
postulates that the germ cells alone tri 
mit the racial characters and that 
germ cells are neither produced by t 
body cells nor are they affected by 
experiences of the individual. We 
mann’s view is generally accepted to-day 











tance of man. 





ranscend the original limits. 


still remains the question as to 


extent man’s physical inheritance 
ehind his ability 
traditional 


to take advantage 
inheritance of the 
» which he belongs, and also by 
ventiveness to extend his acquired 
lve into new fields. 
pttthe matter errdely : is the mind 
baby a tabula rasa—a blank slate 
ich its racial traditions are to be 
or are there black, white and 
slates (and perhaps even pink 
[he answer is clear. If forefathers 
better birth 


the average there is a good chance 


themselves brains at 


at least some of the children or 
brains. 
black, 


te and yellow brains in the sense that 


scendants may have as good 


s means that there may be 


kind may be more inventive or more 


— 


ive to one kind of training, and 


ther kind to another kind of train- 
These qualitative differences may 
small, but if they exist at the start the 
mulated result of training may be 
Vv great. 
This leaves out of account the possi- 
ty of the occurrence of greatly supe- 
r brains, which, so far as we know, 
ay be only the result of happy com- 
nations of all that is best in the race 
is favorable opportunities for develop- 
or, such superior brains may be 
e to the appearance of new types that 
We have 
decisive answer to-day, but there is 
) reason to suppose that the physical 
ution of man has come to an end; 
ess his physical evolution may be re- 
led or even suppressed by practices 
sing from his inherited social systems. 
May I] turn to technical 
blems in the general field of heredity, 


now more 
ere the increase in our knowledge since 
‘00 has been extraordinary, and then 
nsider the problem as to how far we 


re justified in applying the same prin- 
ples to the physical education inheri- 
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The most outstanding discovery is that 
of Gregor Men lel in 18605 Hy rmu 
lated two fundamental law lit 
the outcome of ten years’ work on garde 
peas Later the Sare awWws nave hee) 
found to apply to all other plants and to 
animals, including ma) Second o1 
Importance was the dis ver ol tie 
mechanism in 1902 by which this kind 
of inheritance is transmitted from gen 
eration to generation Later sti two 


fundamental laws 


additional 
covered that we call the law of nkaw 
and the law of crossing-ove! These are 
also consistent with the working of thx 
same mechanism that accounts for Me 

del’s laws A 
laws and of the mechanism on which they 
are based makes it possible to pre 


dict exactly what is to be expected when 


knowledge of these fou 


combinations of different characters are 
brought together by the 


individuals) 


It would take far more time than that 


ntercrossing ol 


allotted to me, were I to attempt to illus 
trate in detail these principles of hered 
ity; but I may first say a little about the 
mechanism behind these laws, and then 
give a few examples to show how the 
mechanism applies both to human inheri 
tance and to that of other animals 
Y Each species of animal and plant has 
in every cell of the body, including the 
reproductive cells, a definite number of 
staining bodies called chromosomes. lh 
different species the number ranges fron 
two to over a hundred 

When the 
maturity the number of chromosomes is 
reduced to half the full number. When 
the egg is fertilized by a spermatozoon 
Ilence the 
number for each 
remains constant. It will be noted that 
half of the full number has come from 
the father and half 
The child inherits equally from its father 


} 


reproductive cells reach 


the full number is restored 
characteristic 


species 


from the mother 
and mother: at least so far as its chromo 
somes are concerned 

Mendel’s first law, the law of segrega 
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tion, is explained on the chromosome 
mechanism in those cases where two 


contrasted characters (elements) are car- 
each in of the 
This is illustrated by one of Men- 


ried one members of a 
pair. 
del’s crosses between tall and short peas. 
Mendel’s second law, the law of indepen- 
dent assortment, applies when two pairs 
characters are carried in 
This is 


of contrasted 
different pairs of chromosomes. 
illustrated by Mendel’s case of a cross of 
yellow round and green wrinkled peas; 
and again by a cross between two color 
varieties of cattle. 

It should be noted that Mendel’s see- 
ond law holds when the two pairs of 
characters involved are in different chro- 
the 
story there could be only as many types 


mosome pairs. If this were whole 
of inheritance as there are unlike chro- 
mosomes in each species. Something of 
the sort is true in general, for we know 
that the elements in a given chromosome 
tend to be transmitted together. 

This is the law of 
ample: There are four pairs of chromo- 
somes in Drosophila, and four linkage 
groups. <All the characters in a group 
tend to be inherited together. 

But it found 


orderly between 


linkage. For ex- 


that an 
the two 


chromosomes 


has also been 
interchange 
members of homologous 
This is the law of crossing- 
the breaking up of the linkage 
growps. A study of the behavior of the 


chromosomes, at the time when the chro- 


takes place. 


over 


mosomes are about to be reduced to the 
half number, reveals the fact that such 
an interchange actually takes place. If 
a fly that has yellow wings and white 
eyes is crossed to a fly with gray wings 
and red eyes, then, in the second genera- 
tion 99 per cent. of the grandchildren 
are like the grandparents, but 1 per 
cent. of the grandchildren are cross-overs 
with red eyes and yellow wings or white 
eyes and gray wings—they represent 1 
per the two 
pairs of characters that went into the 


cent. of recombination of 


cross together. 
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Due to this kind of interchange it has 
been possible to discover the actual 
tion of the hereditary elements in 
chromosomes which has led to one of 
most important developments in the | 
tory of chromosomal inheritance. | 
interchange involves large pieces of 
chromosomes rather than individual 
Two 
that 
those that preceded them. 


ments. new linkage groups 


established are as permanent 
But these als 
are subject to interchange again at 
in a new individual in which t! 
The result is that 


time all possible combinations of ¢! 


level 
come to be present, 


acters (elements) are brought about 
Now if crossing-over is as likely to t 
another 


place at one level as at in t 


chromosomes that are interchanging 
follows that the chances of crossing- 
between pairs of elements will be great 
the farther apart they lie in the linkag 
Conversely, the nearer they 
the often 


expected to take place. 


group. 
together less IS C@rossing-o\ 

On this hypothetical assumption 
genes can be arranged in a map. Th 
most complete map is that of the ge 
of the fruit-fly Drosophila. 

This procedure is not as arbitrary as 
may seem, for it allows us to predict 
what numerical proportion any new ge! 
that appears as a mutation, will be trans 
mitted in relation to all other know 
genes. 

And now 
discovery, one that, on a factual basis 


I come to a still more ree 


explains another kind of inheritance. /1 


this ease an exchange or translocat! 
may take place between different linka 
groups or chromosomes. This discover 
was made first from purely genetic e\ 
dence and has now been confirmed by 


study of the chromosomes in the salivary 


vlands of several species of flies. Thes 
glands are present in the larva. The 
eells and their contained nuclei ar 


Also the chron 


somes are large, as seen by comparing t! 


enormously large. 


ordinary chromosome group of the fl) 














ose of the salivary chromosomes, 


ire nearly 200 times as long. 
vas known, from genetic evidence 
as I have said, that at times a whole 
if one chromosome may become 
d and reattached to another 
osome. It was also discovered that 
‘one chromosome may be turned 
l—in reversal of the normal se- 
Nevertheless, the 
ters of the fly containing such a 


ol the venes., 


ation or an inversion are in most 

s identical with the original fly. This 
s that the sequence of the genes 
ys no important role in the make-up 
if it still retains the full com- 
tof genes. It is true that, in some 
ses minor changes may be introduced 
detachments and reattachments of 
es of chromosomes, but it is a far- 
“l argument to assert from this 

t the theory of the gene is overthrown. 
More detailed work has shown a point 
nt relation between the genes and 
bands in the salivary chromosomes. 
s does not mean necessarily that the 


inds are the genes, but it shows beyond 


sonable doubt that the chromosome 
ps, built up on the genetic theory of 
ssing-over (it took twenty-five years 
onstruct these maps) find complete 
ation in the maps of the salivary 
mosomes., 
me now point to a few cases that 
istrate the application of the four fun- 
ental laws of genetics to man. 
man there are blue-eyed and brown- 
l individuals. The children of a mat- 
between blue-eyed and pure brown- 
individuals have brown eyes. If 
two individuals that have had this 
marry their offspring will average 
to 1 blue-eyed individual. The 
osome mechanism is here the same 
it The inheri- 
follows Mendel’s first law. 


of the garden pea. 


> second law may be illustrated by 
human blood groups. For several 
rs it has been known that there are 
kinds of individuals with respect to 
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the kind of agglutinogens and agglu- 
tinins that they contain and that these 
kinds are inherited in Mendelian fashion 
(three pairs of allelomorphs More re 
cently another pair has been found by 
Landsteiner and Levine that behaves as 
an independent pair. The combination 
of this latter with the former will serve 
to illustrate Mendel’s second law 

There is at present one example at leas 
of linkage in man. Haldane has shown 
that color blindness and haemophilia are 
characters that are linked in the sex 
chromosomes. The same evidence shows 
at least one case of crossing-over between 
these two pairs of linked genes 

The failure so far to discover more 
eases of linkage and crossing-over in man 
is due in part to the presence ol ts pairs 
of chromosomes and in part to the rela 
tively few simple cases of inheritance in 
man. What is known, however, suffices 
to show beyond a reasonable doubt that 
the four laws of heredity and the mecha 
nism of transmission are the same in man 
as in other animals. 

There is a kind of inheritance in man 
known as sex-linked inheritance that 
illustrates beyond a question that the 
same sex-determining mechanism present 
in other animals is also present in man 
This sex-determining mechanism rests on 
a difference in the chromosome groups of 
the male and the female. The female has 
a pair of X chromosomes; she is XX 
The male has one X. 


the Y chromosome, which is practically 


Its mate is ealled 


empty so far as genes are concerned. 
He is XY. 
has one X. 
spermatozoa, one with an X, the other 
with a Y Any X-bearing sperm fer 
tilizing any egg produces an XX female 
Any Y-bearing sperm fertilizing any egg 
produces an XY male. 

Now if one ol the X s carrie a rene 


character, it is found that 


The ripe egg of the female 


There are two kinds 


for a certain 
the inheritance of the character and the 
distribution of the sex chromosomes run 


parallel eourses The human pedigree 
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for haemophilia gives exactly this kind 
of sex-linked inheritance, and it is now 
that the has an X 
and a Y chromosome and that the female 
has two X’s. 

I come to our star case which 


known human male 


Lastly 
also brings us back to our starting point: 
namely, what we owe to nature and what 
to nurture, to use Galton’s terms. 
I refer 
Occasionally two babies are born 


to the occurrence of identical 
twins. 
that in their physical aspects are almost 
indistinguishable. Sometimes there may 
be three or four, and the quintuplets, of 
course. The resemblance lasts through- 
out life. 

There is abundant though indirect evi- 
dence that identical twins come from one 
fertilized by 
Hence their physical inheritance is cer- 


egg one 


Sspermatozoon. 
tainly the same. The twins furnish an 
opportunity to find out to what extent 
two identical brains will be influenced by 
the environment in which the training 
and traditions of the race will come to 
act on them; especially if the twins are 
reared apart. Studies of identical twins 
are now being extensively carried out, 
and when enough material is collected, 
and when better tests are found for mea- 
the emotional 


resembiances and differences shown by 


suring intelligence and 
such individuals we may hope to get very 
definite information as to what is owing 
to heredity and what to environment. 
Some one may ask, what has all this to 
do with Benjamin Franklin? I think 
both the theory and the facts of modern 
genetics would have interested him pro- 
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IT seems regrettable that a man who 


has spent half a century in close con- 
tact with electrical experiments should 
dedication of the Franklin 
May 21, 1938. 


1 Address at the 
Memorial, 
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foundly, because numbers always 


nated him, and modern genetic 





based on precise numerical data. 

I think he would also have been int 
because he was attracted by mec! 
devices, and the chromosomes fur 
mechanical explanation of heredity 
lastly I think he would have und 
that 
bearing on population problems i 


As oul 


retical knowledge of heredity i 


modern genetics has an imp 


he showed great interest. 
and as its application to the comp 
of human societies becomes clearer 
already applied in animal husband 
in agriculture on a large scale) its 
nificance for the welfare of future 

will be more widely appreciated ; b 
problem is, as I have pointed out, 

single one owing to the dual natu 
human inheritance. If the trans 

of the traditions of the race, its 1 
taboos, customs and even its hw 
tarian weaknesses come in conflict 
the laws of man’s physical inherit 
the former may at times delay fi 
evolutionary advances of the kind t tools 
have brought man to his present st 
And, on the other hand, the p! 

deterioration of the race, that ma: 

place under the abnormal conditions 
complex and protected social life, ca 
prevented or ameliorated only by a 
telligent 
physical impairment takes place 


understanding as to how s 


two sides of the problem of human | 
ity will constitute the future fi 


human engineering. 


NERAL ELECTRIC COMPANY 


have to confess ignorance as * 
what electricity is! 

[I have even been told by comp: . 
friends that I ought not ask what 


And yet, I reflect, having in some 











S 


S 


T 
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da knowledge as to what water 


at copper is and even what faith 
need I remain so ignorant when 


mes to such a common thing as 
‘ity 7 
[ consult history and learn that for 


iries of unaltered view-point, elec- 
was known as a spirit, and be- 
se spiritual affinities and human af- 
ns were obviously correlated, mag- 
powders were prescribed by physi- 
the 
tractive people. 
was not till the days of our own 
jamin Franklin that electricity be- 
ne one or two kinds of fluid. Fluids 
m a little more tangible than spirits, 
tangible 


attractiveness of 


s to increase 


] »+ 
t 


elec became quite 

Franklin. By simply touching a 
tainer he could tell whether or not it 
s charged with electricity. But with 
re refined criteria, the fluid idea had 
Electricity acts more 
Later the 


ricity 


be given up. 


Ss in some Cases. vas 


a Pa 
1 too was Inadequate. 

he only safe way with electricity is 
expect a new picture whenever new 
better 


4 


Ss l r 
ered 


n choosing the title I was guided first 


measurement are dis- 


my admiration for Franklin. I am 
ppy in the thought that he was not 
isly troubled, as I have been, by 


rtan¢ 


ye 


tures, 


cnowing the ‘‘why and wherefore’’ 
e quintessence of the things that 
experiments taught him. The im- 
int point he applied what he 
ed. In many fields he was a most 


is: 


sted and inquisitive investigator, 
) one ever enjoyed his occupation 
He simplified by 
as we do, but, having learned 
regularly followed experiment, he 
iraged his mind to bring the conse- 
‘es not only within the range of ex- 
ney of utility. This led 
as he wished, into continued pro- 
vity. There was no cluttering of 


observations 


but also 


mind with metaphysics or a futile 


for primal essences. 


read and liked 


re he 
Bacon because Bacon too sought utility 
so energetically While Frank el 
joyed his theory of fluid elect: ex 
actly as we do our own p res of 1 
tangibles, he enjoyed no less the expe 
ment through which he materialized the 
lightning rod 
A more useful reason for my address 
is interest in youngsters and a feeli1 


that they be worried, as I hav 


may 


been, by quite harmless scientific buga 
boos. I would like to encourage boys t 
realize the flexibility of electricity 
Fortunately, it is difficult to draw a 
perfect picture of any inside mechanism 


Electricity is no exception 
tried it has had 


by later 


of nature 
Every one 
picture well painted 


nas 


VW ho 


over 


ists. On the other hand, the results of 
even the simplest experiments remain 
unaltered, and so constitute the perma 


This doesn { mean that 


They 


1joyable 


nent assets. pic 
valuable 


l’d like 


to encourage and embolden the inquisi 


useless are 


tures 
eatalyzers and are e! 


are 


tiveness of youth I don’t wish to be 
didactic, but I’d suggest that we are 
limited in our conceptions by the inade 
quacy of our words and so can not ex- 


press the infinite complexity of reality 
It is this want which sends our imagina 
tion out in search of ideas not yet W rd 
able. This natural, beneficial provision 
is a wonderful tool, but not an end in 
itself. Even Imperfecti n f our old 
words is a boon to science For ex 
ample, the moment some ! Suggests 
that gases are just a hustling crowd of 
anything whatever, some interested sc 
entist applies his individual conceptions 
of ‘‘hustling ‘crowd’’ or of ny 
thing whatever’’ to see if they fit the 
picture, and then he tries an experiment 
and learns a new fact. It may be futile 
to express any essence in words, but it 


is distinctly useful to try it 


Words 


have in them plenty of inherited char- 
acteristics, and, even if perfect for past 
events, they seldom quite fit the unlim- 








ited, novel phenomena of nature. This 
explains the painfully gradual growth 
of our scientific vocabulary. 

[ look on Bacon and Franklin as men 
who saw the need of gregariousness 

I’d even say happy garrulousness) in 
science New phenomena which occur 
constantly must be appreciated, de- 
scribed, perpetuated and used. This 
means gathering and getting together 
in more ways than one. So Bacon, about 
1600, publicly advised the banding of 
scientific men to cooperate in research, 
‘‘For the real and legitimate goal of 
the Sciences (as Bacon expressed it) is 
the endowment of human life with new 
inventions and riches.”’ 

Clearly as a consequence of his tireless 
advocacy, a practical proposal for an 
institution of experiment was published 
in England shortly after Bacon’s death, 
and in 1645 well-known scientists mod- 
estly undertook inquisitive cooperation, 
as he had suggested. This group, which 
developed into the Royal Society of 
Great Britain in 1661, has been usefully 
quizzing the unknown ever since. 

Thus I connect to the efforts of Bacon 
that proposal of Franklin’s published in 
1743 which led to the establishment of 
the American Philosophical Society. In 
fact, we read in Franklin’s proposal 
‘‘that a correspondence already begun 
by some interested members, shall be 
kept up by this Society with The Royal 
Society of London,’’ and he offered to 
act as the first secretary. 

I quote also from a letter of Frank- 
lin’s written 40 years later to Sir Joseph 
Banks, president of the Royal Society: 
‘*Furnished as all Europe now is, with 
academies of science, with nice instru- 
ments and the spirit of experiment, the 
progress of human knowledge will be 
rapid and discoveries made of which we 
at present have no conception. I begin 
to be almost sorry I was born so soon, 
since I can not have the happiness of 
knowing what will be known 100 years 


hence.’ 
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This is not an explanatory revi 
electricity but an attempt to encou 
further questioning and experin 
particularly by youth because the 
are preoccupied. We should let our 
aginations work and forget the criti 
ideas. In 1747 Franklin wrote to n 


bers of the Royal Society explaini go | 


new view of the identity of lightning y 
electricity—a view that came fron 


experiments. One of the members of t 


society read Franklin’s conclusions bef 
that august society and reported that 
was laughed at by the connoisseur 
But ten years later the members 
glad to elect Franklin to membership 
[ am not so much interested in imp 


ing you with Franklin’s view of the stat 
electricity in cats’ fur and of Jove 


thunderbolts, however, as I am in p 
ing out that his vivid imagination, fr 
expressed, put lightning rods on bu 
ings. And they are there yet. F: 
noticing the peculiar effectiveness of 


knuckle in discharging Leyden jars 


ideas soared into the clouds, so to sp 


So he broadeast his new idea, sayil 


**May not the knowledge of this p 


of points be of use to mankind in presen 


ing houses, churches, ships, ete., fron 
stroke of lightning?’’ Most of us 
more conservative and fearful than 

This was no exceptional case with Fra 
lin. His mental flexibility included | 
loons, and 150 years ago he received 
world’s first air-mail letter after a bal 
carried it across the English channel. 


W 


+ 


At this point, since I have in mind | 


lowing some of the lines along whicl 
preciation of electricity has taken p 


regardless of electrical Guintessences 


confess with Franklin that: ‘‘I1 fir 
frank acknowledgement of one’s ig! 
ance is not only the easiest way to get 
of a difficulty, but the likeliest way 
obtain information ; and therefore I p 
tice it and think it an honest policy.”’ 

I want to be exact in dealing with « 


tricity, but also imaginative, in order t 


encourage myself and others. Con 








y 








f electricity will continually change 


spanding, as they have always done. 
d, expansion is a most marked prop- 
of electricity. Even the 


» of it, an electron, may exert influ- 


smallest 
anywhere. The motion of a speck 
etricity in San Francisco is felt in 

\ York, whether it 
Some time ago I reflected that if elec- 
ty is anything tangible or 

1, it should be possible te put some 
onto a rubber balloon, and, by hav- 
same kind on two balloons, show 


goes by wire or 


like a 


repellent forces of similar charges 

attraction of unlike electricities 
| connected two metal plates, charged 
positive and negative, to a 
After 


epeated contacts between the plates 


ectively 


R e of 200.000 volts d.e. mak- 


e balloons, I was satisfied that bal- 


s could never be charged that way 
| explained my difficulties to Dr. 
lve, and in a short time he suc- 


ed He charged the balloons by 
bbir Thereafter, 

not before, I could easily explain this 
ition visualizing conducting films 
moisture put onto the otherwise dry 

on from the hair which in turn con- 
ted so-called frictional electricity over 


¢ them on his hair. 


by 


} 


surface. The balloon experiment 1l- 
istrates a simple, unexpected and en- 
The ancient 


riment seemed a sort of clincher for 


ving use of the head. 


assumption that, whatever electricity 
is, there are two and only two 
Franklin 
But 

itive electricity sometimes acts much 
positively than does positive. A 
radio tube would be quite a different 
Attempts 
been made to represent all the facts 
wccepting one kind of electricity only. 


and opposite. 


d them positive and negative. 


ls, equal 


ng if this were not the case. 


| have always wished that could be ar- 
nged. Electricity would then be but 

thing. Ordinary so-called neutral 
itter might be arrangements of that 


thing, electricity, with or without any- 
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thing else The absence thing 
from matter would leave us something 
new, or, possibly, nothing at 
One of the beautiful things about ele 

tricity is that experiments forever show 
new and unexpected things. Bi the 
discove ry that the smallest bit of « 
tricity 1s a negative electron, t protes 
sor, explaining a carbon a! amp at 
school, had different ideas A very 
highly magnified image of the are left 
us with the impression that the irrent 
across the gap between the arc-terminals 


consisted of positively charged particles 


Later | once tried to prove this by mea 
suring the loss of weight of different 
kinds of are-terminals hes ses 
were enormously influenced by positio1 
in space, because electrod¢ Durning ais 
took place If any positive carbor 
erossed the are rap I failed to pro\ if 
Experiments were tried using inert gases 
and vacuum There one electrode often 
lost weight while another gained But 
this was apparently due to simple sub 
limation 

I passt d ele tricity across gaps betwee 


gold, platinum and other electrodes and 


even submerged them 
TO 


ference and combustion 


in water, hop 


. - . 
eliminate etlects olf 


temperature-dif 
But tl 


were very erratic, and I could determin 


, results 


ter throug! 


no electrical migration of mat 


any are Such simple experiments are 


resting 


y and the results tl 


selves remain true 


always Inte em 
K'res) I\ painted pic 


what goes on that is, 


tures ol our imag! 
native conceptions—are important be 
cause they lead us to look still further 
and see better We visualize now that 


what goes on in ares is very complex 
From the neutral vapors in the are-path 
and from electrons of the cathode are 
derived various ions, metastable and ex 
cited atoms These latter, in returning 
to electrical stability, send out radio en 
ergy in definite wave-lengths, and their 
wireless messages constitute the colored 


lights, spectra of the chemical elements 
through 


Passage of electricity 


arcs 
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differs considerably from the passage of 
electricity through solutions. Like ferry- 
boats, suspended particles of most sub- 

earry electricity across a water- 


This 


but not all 


stances 


gap resembles what occurs with 


many dissolved substances. 
Such migration is seen, for example, ir 
the motion of the blue color of dissolved 
copper in electrolysis. Here the atomic 
ferry-boats are parts of salts or so-called 
Dissolved eX- 


ample, does not do this, but salt does. 


polar bodies sugar, for 
This seems simple compared with are- 
phenomena 

In case of solutions, the generation of 
electrical energy by batteries, which his- 
the 
method, fits present views of 


electro-magnetic 
the struc- 


torically preceded 
ture, nature, tangibility, ete., of the thing 
called electricity, and lets us distinguish 
between it and its effects. Most present 
chemical elements, being differing ecollee- 
tions of electricity, are stable enough to 
persist alone, but are often capable of 
reaching greater stability by mutual re- 
What 


cess, another may relatively lack. 


has In eX 
Under 


action one element 
this condition they may send the differ- 
ence in electricity through a solution. In 
a Daniell cell, we say that copper comes 
out and zine goes into, solution, because 
of their different atomie appetites for 
electricity. This difference can be mea- 
sured as energy between the outside con- 
We picture the current flow- 


electrons 


nections. 
wire as negative 
the distribution 


the 


regardless of 


Ing in 
between 


the positive and negative flow through 


the solution. 

I am not trying to impress you with 
facts but with the pleasure of speculation 
about them. 

For utility we ought to encourage our 
instinctive interpretations, even though 
we know that the pictures can not endure 
Fortunately we ourselves are 


unaltered 
sums of different experiences, so pictur- 
ing natural phenomena is always a new, 
The 


logic may be very extensive, complex, but, 


versonal, subconscious integration. 
| 


fortunately, it is always individually 
ferent. Value is measured by yw 
and individual contributions may « 
be firm stepping-stones to better t} 
or perhaps only very useful negations 
Guessing, if you will, is not as 
encouraged in youth as | wish it 
[ myself cramp and cripple my ima 
tion from habit. When we review ; 
ject like electricity, we find that som 
has had carefully to make and test 
conceivable guesses, good and bad. S$ 
one digressed with his pure imaginat 
far enough to establish new and u 
like 


Karaday’s electromagnetic generat 


things, Franklin’s lightning-) 
Mareconi’s wireless. 

In 1889 Professor 
lished his book, ‘*‘ What 
He wrote, 
eall electricity circulating around ¢ 


Trowbridge 
Is Electricit 
‘*This wonderful somethin 


covered wire, makes an iron core a 
net,’’ and, elsewhere in the same b 
‘*Ts it not possible, therefore, by ‘ 
mously increasing the frequency of 

trical oscillations, to drive them 

pletely off metallic conductors and cor 
them to be propagated through the et 
of space?’’ That’s wireless 
It is this kind of 


that I enjoy finding in the minds of n 


hesitant divinat 
I think some useful people unconscious 
some intentionally, cultivate it, while 
isfied and fearful folk deprecate it. 

A sealed letter deposited by Farad 
with the British Royal Society ov 
century ago was recently opened. It 
sealed and preserved because Farad 
wanted the world finally to know that 
had come to him first, be 
lemonstrat« 


new view 


there was any 
Faraday had 


electromagnetic action progresses thr 


way to 
been led to the view t 
space, and, he says, ‘‘requires time for 
transmission He even added, ‘‘! 
inclined to think that the vibratory th 
will apply to these phenomena as it « 
to sound, and, most probably, to light 
(We still diseuss corpuscular and w 
light.) It not 


theories of was 
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three years after Faraday se- 
recorded his thought that Maxwell 
| mathematically that electromag- 
ives should propagate with the ve- 
f light. 
confirmed this conclusion by his 


Twenty-two years later 


¢ experiments and it was still nine 
(1896) Marconi 
interesting to 


iter when made 

hole useful. It is 

that Faraday had that particular 

But it is important to see that 

in, Faraday, Maxwell and Mar- 
re all visionary and practical 

le electricity was once purely spiri- 

and later less mobile though more 

it has in our day taken on still 

unanticipated Nowadays 


emical elements differ only in the 


forms. 


ty and arrangement of positive and 
‘electricity. All compounds are 
tly rearranged combinations of what 
mponent atoms possess. Only to 
rht extent can we add more electric- 
a substance than it normally con- 
s and even then the excess slowly 
away. 
text-books everything is simple. 
usually say, ** Atoms are collections 
and another 


Or ‘‘electrons 


number of electrons 
t called the Nucleus.’’ 

ttle bits of electricity, always nega- 
and **they each weigh one eighteen 
redth of the H atom.’’ ‘‘*They are 
fundamental and indivisible units of 
ete. I 
vs because they keep us going and 


ricity,’’ subscribe to such 


They illustrate pragmatism 
are as good as true when they become 


nl] 


i. 


SSiIng 


agine the experiments which can be 
rmed when we feel that ‘‘the rela- 
ease with which electrons are lost or 
ed is one of the most characteristic 
chemical properties.”’ 
Ss, we say, explained chemical elec- 
Moreover, all material reactions 
nd upon it. But so does the perma- 
and composition of everything, 
the countless possible new elements 
for the first time, 


h we make now 


We 
dif- 
the be 


new radioactive matter and isotopes 


imagine that an infinite number of 


ferent elements were created at 


vinning and all but our 92 mixtures dis- 
Ifa 


to the soundness 


They may be replaced 
attest 


appeared. 
few, like radium, 
of this 
reproduce or 


view, nay we not in some way 


even produce many 


elements which will live 


ciently long to satisfy some 


ris is} 
future needs Such speculations, s 
lead to 
valuable mental process, whatever 


‘ 


they experiments ceontinue 


product results 


— 
leaking electricity, e 


The process of 
denced in vacuum tubes, opened a ver 


; 


rreat field in which radio is now the 


nificant part The expelling for 


heat on electricity imtroduced 


term ‘‘thermioniec emission 
explained that old Edison current 
legs of the filament of his 


plenty more exact ex 


say, 
between the 


lamp. There are 
pressions } elect! 


am trying to g1 


such new terms as ‘‘emiss! 


control,’’ ete., become materialu 
radio tubes long before wi 
electricity. Thus our useful 


grows more complex while we 
simplify the subject. 
We think now that every one knows t! 


; 


electron. It is the indivisible atom o 


electricity. I hoped it would stay sim 
ple. But experts say that it must be r 
garded as complex, and one adds, ‘*We 
to know what el ‘ity 1 


ut the el 


can not hope 


until much more is learned ab 


tron’s structure Getting 


ternal structure of electrons will di 


proceed, for we appreciate the growin; 


architecture of atoms and nucle} It 


will be interesting, disturbing and useful 
Thus experience teaches: The more we 
l'} | 1 | The x \ 

earn about our ignorance e larger an 
learn about r ignoral the | ! l 
more useful it becomes. Electricty is less 
likely to be confined by our limited con 
cepts the more we know about it, but we 


may always continue to find 
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it. It was simpler as a spirit, but it is 
more diffuse as it is. 
kor the present we adhere to the elec- 
tron as the simplest and smallest bit of 
electricity. It was wonderful how or- 
derly orbits of these electrons around an 
imaginary positive center accounted for 
all the different kinds of atoms. It was 
marvelous how shiftings of those rotating 
electrons accounted for the mysterious 
lines of visible spectra. Then too into this 
positive center or nucleus were imagined 
those significant numbers of electrons 
which determine atomic numbers and the 
periodic order of the elements. These 
electron ideas were all valuable steps in 
chemical understanding. Such disclo- 
sures open the way to entirely unexpected 
experiments which in turn help actually 
to analyze and synthesize new matter. 
Thus through even wild speculation, good 
experimental work is forcefully extended. 
Even as an all-pervading spirit, one 
might expect electricity to come out of a 
spot made too hot for it, but only those 
familiar with bees in spring or farmers 
could have expected electricity to come 
out when cold light falls on the hive. 
Photoelectric cells, whose action is due 
to electron emission from illuminated 
chemical elements, are already a com- 
mercial utility and speak for the sense 
and versatility of negative electricity. 
Even in this general and superficial 
talk on electricity, it would seem remiss 
not to do more with the interesting views 
now being advanced on the composition 
of the nucleus of atoms—the heart of 
matter. At this point all matter was 
naturally looked at as simply electricity, 
whatever that is. Fortunately, the 
process of speculative analysis never has 
to stop, and such unexpected things as a 
negative charge firmly neutralized by an 
equal quantity of positive in a hydrogen 
nucleus is given the name of neutron. 
This naturally followed the studies on 
the electrons. I can not possibly repro- 
duce the pictures of the whole interior of 
the nucleus, but I can indicate the grow- 


ing complexity of what was recent 
tirely an imaginary and indeser 
center of electron orbits. Its evident 
trical nature now forces experin 
into new territory which every 01 
later appreciate. The inconceivably 
nucleus which was first only a p 
charge later became very definit 
tures of positive and negative ¢ 
and then mixtures of protons and 
trons. This once simple nucleus is 
becoming more and more comp! 
always better understood. It is being 
to pieces through electrical bom 
ments by alpha particles, deuterons 
trons, gamma rays, ete. In these p1 
local electrical voltages up to 20,0! 
or more are being recognized just 
speak of billion volt forces in cosmic 
Such transcendental potentials 1 
have been visualized before, perhaps 
lightning, but if the new views of 
did nothing but force us to experi 
with electricity of such high intensit 
they would be ultimately warranted 
Cosmic rays ought to be explaine 
fore electricity, for in one way « 
rays are simple. They cause el 
electricity to discharge. A metal 
reminding us of Franklin’s pointed 
ning-rods, is kept electrified to su 
extent that it discharges, or leaks, 
regular shots. Many things may pert 
this trigger action, but when all 
known influences were eliminated, t! 
was still an irregular, uncontroll 
shooting out of electricity from the p 
and the cause was called the cosmic ra 
Experiments above the atmosphere 
under earth and water show that 
cosmic ray comes from outer space 
that it penetrates matter very much n 
readily than it should if it were an « 
trical monitor of any known kind. Su 
things keep good research men avid 
new ideas. Scientists want to do so! 
thing about it, and part of the results a! 
always useful as though our engend: 
wonderment were not warrant enoug! 
We were taught that action at a 














Something in space 


s impossible. 


» handle the energy. One reads the 

ing about electricity : **The energy 
magnetizing coil disappears from 
xciting circuit and reappears in the 

n circuit. It must have existed 

the time of its disappearance and 
pearance, in the intervening space.”’ 

s published observations produced the 
lary ether. Still more visionary 

ts of science get along without it, 


so promising experiments are multi- 


Having onee worked in a chair factory, 
belts connected every machine to 
ts which were obviously driven by the 
belt of a powerful Corliss engine, I 
irally still look for belts. I realize 
maginary belts called lines of force 
simplifications and have replaced 
ther in most factories. 
But I never cease marvelling at the 
parently empty but powerful space 
en the rotor and stator of electric 
rators and motors. I realize that all 
power is In some way shifted from the 
e coils to the busy shaft, and yet I 
1 see nothing in the space. I know that 
charged balloons may repel or attract 
another, and that this would take 
» whether the electricity is at rest or 
ving. We remain satisfied until we 


t some experience not permitted by 
It is then that mental wig- 
rling becomes interesting and applica- 


* picture. 


n becomes valuable. 
‘onfined to post-factual words, our 


iination remains cramped and we are 
W in inventing new language to cover 
it we can not express by previous 
ibulary. This is all right, too, because 
we invent the new word, we try to 
press within it the need actually felt 
it. By this token, atom, electron, 
er and lines of force have a place in 
ir rapidly changing vocabulary and rep- 
ent a great deal of concentrated and 
‘omising ignorance. Justification for all 
is complication is to be found in the 
Attempts to relegate 


7. 


resulting works. 
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ether I the piace wl ere spi tS o ft 
to fresh 


and those to service 


Mmaginings, these to experiment 


I do not attempt to envelop complet 
all electricity and its utilities, but “ 
der lt one ¢an ki OW what 


without covering everyt! 


A new steel mill, making automol 


sheets, now rolls hot ingots continuousls 
into thin strips 8 feet wide and hundred 
of feet long The maximum deliver 


speed of the hot mill is abou 
good trotting horse. Then per 
electricity Several thousand n 
consume the 20,000 kw. of the plant. B 
direct and alternating currents ; 
and voltages of 2,300, 600, 440 and 250 
seem necessary. Perhaps a complete det 
ir 7 | 


nition of electricity would 


this kind of data 


Part of this thing we « electricity 
might be simple If there is a Vv simple 
electrical thing, it must be the perma 
nent magnet. Think how long we hav 


known it! But the picture, view, hy 


pot esis or essence of magnetism seems as 
indeterminate as all electricit Th 
most powerful magnets are now n i I 
a mixture of 1ron, nickel, a minum 
cobalt and are much better than steel mag 
nets. I don’t see why. We might ] 


ture some essence in the p 
metallic; but the lodestone, which is no 


longer metallic but consumed, is also a 
permanent magnet So ter trying all 
the hunches on mixtures of metals, ar 
one might imagine a different and st 
better magnet made from oxides Une 


J 


man who felt that way 
usually visionary, has produced some 
first-class new oxide magnets. The im 
portant thing is, he speculated when he 
Then he tried his 
In general, one 


learned some facts 
experiments 
sav about electricity that there never was 


so much room for new views and u 


because it never before presented so muc! 


of both known and unknown 
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You see 


plain what electricity 1S. 


I am not even trying to ex- 
I’d rather show 
how rapidly, extensively and intimately 
limitations. 
it, 


it changes, always defying 
When it comes to knowing all about 
we have hardly made the start. 

One of the earliest electrical investiga- 
tions was Galvani’s research on the nerve 
of the frog leg, and electrical conduction 
by nerves has long been an intriguing 
study. The phenomena are not always 
simple, but are capable of increased com- 
prehension. The conducting nerve of the 
frog leg was found to earry electricity by 
test similar to those applied to conducting 
wires, and now the radio receiving test is 
being applied to brain and nerve energy. 
The fields for further and 
useful application are unlimited. 

I can not leave electricity without re- 
to al 


experiment 


least one of its biological 


Here, too, my idea is to 


ferring 
implications. 
show how little we yet know and how the 
unknown with new 


interesting fTOWS 


views or imagination. In our radio sets a 
suitable antenna picks up from space elec- 


trical influences called waves, which are 


ENGINEERING 


By Dr. HARVEY N. DAVIS 


PRESIDENT OF THE STEVE) 


HEALTH is one of the most precious of 
human possessions, and serious illness one 
of life’s most heartrending trials. It is 
not so much one’s own ailments that are 
heartrending—many people bear pain 
and incapacitation with astounding for- 
titude and even cheerfulness—but to see 
a loved one fighting pneumonia or infan- 
tile arthritis, 


wracked by the agony of a heart attack, 


paralysis, crippled by 
or bravely enduring the slow gnawing of 
cancer, and be powerless to do more than 
the 


distressing of human experiences. 


stand by and wait, is almost most 


Even 


1 Address at the dedication of the Franklin 


reintorced, come from the electrica 


speakers as waves of air in imitati 
the noises or music actually made at 
distant 


common 


place. This phenomenon 
that forget its phy 
But in recent biological ex; 


we 
beauty. 
ments it has been possible to pick uy 

to and yet from the human head elect 
waves which are amplified into sounds 
recorded as waves on paper. That is 
Berger rhythm. 
from new views on nervous systems 
cluding the brain, all of which appar 
Therefore th 
metab¢ 


operate electrically. 
tion of electrons of cerebral 
may not differ essentially from thos 
other radio sending stations. 

No one can safely predict the out 
of studies in electricity when they 
bodies, nervous 


volve our 


Elect ricity iS, 


systems 
brains. perhaps, lik 
various, and yet the sum of all the p 
and certain to be forever growing. 
erowth will always be due to the 
of 
experiment and is in the hands of 


quisitive mixture Imagination 


young. 


AND HEALTH’ 


INSTITUTE OF ECHNOLOGY 


when there is every hope of ultimaté 


covery it is hard to be patient; the 


less urge to be doing something is aln 


overwhelming. 


Perhaps it is for this reason that 


erous-minded men and 


easily persuaded to make liberal gifts t 


hospitals, to medical schools and to 1 
tutes for medical research. 
was this sort of keen sympathy for hw 
suffering that 'ed Benjamin Franklin 
promote, in 1751, the 
Pennsylvania Hospital, to write on 


{ 


founding of 


poisoning, to conjecture as to ‘‘the ca 
health, : 


fits of some fevers 


of the heat of the blood in 


of the cold and hot 


women are 


This discovery result 


i 


Doubtless 
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erned about ‘‘what is called 
eold,’’ about a eure for cancer 
it inoculation for smallpox, to 
short, such varied interests in 
of medicine as to be elected to 
rship in the Royal Medical Society 
s and in the Medical Society of 


Franklin was a many-sided man, 
iso find him inventing lightning 
promoting the paving and better 
x of city streets, discussing the 
n chimneys and the construction 
keless fireplaces, inventing the 
n stove or ‘‘Pennsylvania fire- 
’ and, forty years later, describing 
ew stove for burning pit coal, and 
ning all its smoke,’’ a series of 
ities that would now be ealled engi- 
May they not, perhaps, have 
s potent an influence in promoting 
ith and physical well-being of his 
temporaries as did his hospital? 
modernize the question, to what ex- 
an the engineer be thought of as 
¢ the physician in the promotion 
ith? In appraising this friendly 
etition, let us not forget that while 
er’s achievements are never so 
atic, spectacular or individualized 
s the saving of a life or the restora- 
f a sufferer to vigorous effectiveness, 
engineer deals, not with individuals, 
do most physicians, but with the great 
es of men, women and children that 
ite modern communities. If, then, 
ntensity factor of his health work is, 
aps, less than that of the physician, 
iantity factor is, in general, im- 
surably greater. Many more people 
sed one of Franklin’s Pennsyl- 
. fireplaces than ever went to his hos- 
And sinee any appraisal of the 
veness of any sort of work, in phys- 


r in life, depends on the magnitude 


xluet containing both an intensity 


a quantity factor, and since the in- 
ty factors of the various engineering 
ties that promote health will, I 
eve, be found to be far greater than 


that zero which alone could nu ify the 
significant product, it is, perhaps, not 
unreasonable to suggest that the engi- 
neers of to-day are contributing quite as 
much to the promotion of health as are 
the physicians. I say this without any 
thought of minimizing the magnificent 
achievements of the medical profession, 
but merely in the hope that the mention 
of some commonly overlooked aspects of 
the work of engineers may bring to them 
an even greater measure of public under 
standing and appreciation than they now 


enjoy. 


The virtue of Franklin’s lightning rod 
is that it prevents disaster. <A similar 
service is rendered by modern flood con 


trol methods. wl ich orten Involve eng- 
neering works of tremendous magnitude, 
by the lighthouse service, by the ic¢ 
patrol in the North Atlantic, by the use 
of radio on ships at sea, by the intricate 
interlocking switches, signals and auto 
matic train-control systems on railroads, 
by the air-beacons, lighted fields, radio 
beams, blind flying instruments and radio 
telephones of modern transport flying 


| the devices and slogans that 


and by al 
are making the work of the modern safety 
engineer so surprisingly effective. If a 
penny saved is a penny earned, so too is 
a disabling accident avoided the equiva 
lent of a medical triumph 

Engineers have also done much to help 


the physician do his work by developing 
and fabricating for him many useful and 
even indispensable instruments, such as 
the x-ray machine, the electro-cardio 
graph, many devices for electrical and 
thermal therapy, many intricate optical 
instruments from the microscope to the 
cystoscope and all the dk Vices that make 
a modern operating room, and even a 
modern doctor’s office, such a striking 
example of twentieth century mechaniza 
tion. Furthermore, the radio of the 
engineer has brought to many a disabled 
seaman medical diagnosis and directions 
for treatment that formerly would have 


heen wholly unavallable The contrib 
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tion to the effectiveness of health services, 
the world over, made by the daily broad- 
casts directed by the Singapore Bureau 
of the League of Nations is very great. 
The radium of the physician is extracted 
from its ore by engineers. In all these 
Ways engineers are helping doctors to do 
their work more effectively, and thus con- 
tributing 
tion of health. 

The 
direct, 


promotion of health le, of course, in the 


to the maintenance and promo- 


most obvious, because the most 


contributions of engineers to the 


field of sanitation. By bringing abun- 
dant supplies of pure water into towns 
and cities, a boon that only those who 


have lived or traveled in arid regions can 
fully appreciate, by building sewers and 
sewage disposal plants, by modern meth- 
ods of refuse-collection and disposal, by 
the invention and fabrication of modern 
plumbing fixtures, which make cleanli- 
ness easy, and by earrying forward the 
work that Franklin initiated on the elimi- 
nation of smoke, engineers have undoubt- 
lives and relieved the 
And while the 


medical men have had to lead the way in 


edly saved many 
world of much suffering. 
attacking such diseases as hook-worm, 
malaria and yellow fever, it has been the 
sanitary work of engineers that has put 
this 


effect on a large scale over considerable 


hard-won knowledge into practical 


areas. Indeed in the whole field of public 
health work and of preventive medicine 
in which so many forward-looking physi- 
clans are actively engaged, engineers are 
The 


dous influence which these various sani- 


their indispensable allies. tremen- 
tary and other advances have had on the 
general health level of the population as 
compared with what prevailed in Frank- 
lin’s time is too striking for further com- 
ment 

In the important matter of diet also, 
the work of the engineer has been of im- 
tin- 
for 


portance By the development ot 


plate and of intricate machines 


fashioning it, he has made possible the 


canning of food on a tremendous scale, 
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thus broadening and enriching 


of the nation, and making avail 


all seasons, and in the most out 


way places, foods rich in vitami 
hormones The development by 
neers of refrigeration on ships, on 
in cold storage warehouses and 
the 


freezing, has 


‘luding newest met] 


home, in 
quick contributed 


same end Irrigation, often iny 
engineering projects of 
tude, has helped the 


fe Oe | 


enormous 1 
farmer to p 
in greater abundance and oft 
finer quality. Still more fundan 

the ships and trains themselves a 
motor-trucks, all invented, develop: 
are the 


the 1 


fabricated by engineers, 
f the food of 
those 


them no 


by which most « 
iS brought to who 
Without 


lation could exist 


CONSUI!I 
modern urban 
By these means 
neers have profoundly affected the 
ary habits of whole nations and 
made possible the elimination ot 
the lowered 1 


that 


ciency diseases and of 


tance to infection malnut1 
Causes 


In the 
neers have played their part. 


also, 
They 


improved the materials and methods 


matter of housing, 


construction and therefore both the a 
the usefulness of 
They have flooded hi 
with 


ability and build 
of every sort. 
offices and 


light. 
lin’s Pennsylvania fireplace into a c¢ 


workshops eye Sa\ 


They have transformed F) 


heating plant that provides a uni 


controllable temperature througho 


house. Air conditioning is just ar 
the corner. And by developing trans} 
tation they have enabled an urban | 

lation to find over a far-flung area 

healthful than Vv 
available even to the well-to-do of, let 
the that 


in 1757. 


living conditions 


say, London Franklin we! 
In all these ways engineers have « 

tributed directly to the maintenance a 

improvement of the health of vast nw 


This is, however, b) 


bers of people. 














ir the 


) 


? 


Yor any community, 








he whole Story. There are certain 


vities of engineers that are, per- 
so commonly recognized as hav- 


the th-level 


irl heal of a 


iy on 


ler, first, all that is involved in 


led a national standard of liv- 


Technical achievements in sanita- 


the produetion, transportation 
servation of food and in housing 
termine what is available to those 
afford to have what they want; 
national standard of living 
what the 
‘ts. If the national standard 


S ne 


termines average man 
7 er< 
¢ is low, there will be bad housing, 

itation, mal-nutrition, a preva 
deficiency diseases and a general 
r of resistance to infection and of 
‘ative power that will be respon- 
r much sickness and many deaths. 
of 
neral health level of any population 
of This 


fundamentally, not medical 


most effective way raising 


raise its standard living. 

1s, 
mMomie, 
the standard of living of a com- 
y is nothing else than its produc- 
f goods and services per capita per 


Unfortunately this is not always 


the 


me aS a community’s capacity to 
per capita At 


t, for instance, we apparently do 


per year. 


ww how to make our economic sys- 
inction in such a way as to permit 
make and consume all they could 
ake 
the 
ra community 
det 


e, and its capacity to produce will 


>and would like to consume 
run the actual produe- 


,«c 


long 
per capita per year 
ermined by its capacity to 
the possible 
of 
words, in the long run, 


the 


largely by 


man-hour 


ditioned 
on 
In other 
to 


per expended 


‘ 


standard o 


and with it the 


lv way raise 


level of the health of that com- 


+ 
IS ‘) 


an he 


slaves in the form of horse-power 


what a man ean 


increase 


uur by giving him more inani 
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and kilowatts, by giving him more and 
better tools and machines to work with, 
by mechanizing and automatizing more 


of the routine in his produc 


tive processes, 


operations 
by 
eal advances and 
tT! 


rout 


working 
inventions that displace 


some useful ing that is hard to ma 


something else equally usetul an 


to make, by showing him how to handle 


things more deftly and how to ] 


or avoid fatigue, and by more effectively 
organizing the team-work of the indus 
trial unit in which he works. Only by 
such means as these can the ndard ¢ 

living of any community be permanent 

raised. And only engineers can provid 
these elements in the increased hourly 
productivity of the workman to-day 
and to-morrow By raising ou! ale of 
living in the future, as they have mat 
velously raised it in the past, el neers 
can markedly affect the future healt! 


level of the whole population 


Over shorter periods, a high standard 
of living is characteristic of what we 
eall prosperity. Any one wl ntures 


to talk about the business cycle 
B it if 


ta chi 


ing on dangerous ground 
think, generally admitted tha 


teristic of most waves of prosperity) 


rise of an important new industry. The 
automobile and the radio are striking 
examples. What the next new lustry 
will be, no one knows. But is Sul 
safe to assert that, when it mes « 
neers will have been responsible Tor 1ts 
genesis and growth Only l t 
activity, energized by the genius of the 
engineer, can generate good times I 
then, it is to engineers that we must 
both for the long-term trend and r the 
evelic bulges in the upward p1 of 
our standard of living, their part in the 
maintenance and improveme! the 
health of the nation is great in 

All that I have said thus far pertains 


to the pl ysical health and we bei 0 
mankind. But our friends the physicians 
know even better than the rest of us the 
importance of that other asp f men's 
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lives that may be called mental health. 
Always important in itself, it often in- 
fluences, if it does not completely domi- 
nate, physical condition. 


Here particularly we can look 


to him 
whom we honor to-day for an almost per- 
fect example of this important human 
quality. Franklin was indeed, to quote 
Mr. Boyd, a 


quainted with inhibitions and repressions 


Julian P. man unac- 
and spiritual malaise’’; ‘‘he accepted the 
world as given with imperturbable seren- 
itv’’; he ‘‘took it all easily, relishing it, 
savoring it, without rest and without 
haste adding to his knowledge, fortifying 
and tempering his intelligence, broaden- 
ing his point of view, humanizing and 
mellowing his tolerant acceptance of men 
things.’’ I 


mental 


know of no better de- 
health. Nor do I] 


know of any better prescription for living 


and 
scription of 


happily, as Franklin did, to the age of 
eighty-four years. 

But how, you may well ask, can engi- 
neers contribute to the wide-spread dif- 
fusion of such mental health as this? It 
is, of course, too much to hope that large 
numbers can ever be brought to anything 


like the perfection of sanity, poise and 
serenity of Benjamin Franklin; but to 
bring any considerable number of men 
and women even a little nearer to perfect 


mental health would be an important 
achievement. This, I think, 


ean help to accomplish in at least two 


engineers 


ways. 

The first depends on the fact that a 
considerable men and 
women spend more than a third of their 
hours on an industrial job of 
some sort. Some one has said that the 


chief difference between a professional 


proportion of 


waking 


man and a job holder is that the former 
his work, the latter by 
means of it. I see no reason why this 
eynical characterization of industrial 
work should be accepted as inescapably 


lives through 


true or why such work can not be made 
to afford to the worker an acceptable and 
of living. The old- 


satisfying way 


fashioned craftsman thoroughly e 
his work—at least many modern \ 
seem to think he did. And I belie 
many of to-day’s workers enjoy 
We ar 
likely to ignore all the non-finar 
and 


they play in industry. 


centives rewards of business 
industry. 

But enjoying one’s work is great 
hanced by, if it is not actually dep: 
on, having a job that one ean do 
This is the 


They are beginning to feel their wa 


where engineers 

new fields of management which ii 

both adjusting jobs to their holders 

assigning men to the right jobs. 
Adjusting a job to its holder ma: 

designer or b 

Many n 


machines are designed with special ret 


done by a machine 


motion-study specialist. 
ence to the convenience and comfort 
those who are to operate them; t] 
how much remains to be done is indicat 
by the saying of one of my friends 
there is only one machine in the w 
that is perfectly adapted to the operat 
and it took three thousand years to 
that—the machine in question being 1 
axe-handle. And to the extent t 
motion-study is used to make jobs eas 
and less fatiguing, rather than merel) 
speed up production, it can confer gr 
benefits on the worker. 

Assigning men and women to the r 
jobs holds even greater promise of mate- 
rially raising the general level of ment 
health of the working population. |! 
dustrial managers are beginning to mak 
notable progress in studying hun 
beings objectively, in 
vidual differences, in apprarsing both 1 
strengths and the weaknesses of prosp 


measuring ll 


tive employees, in cataloguing the patt 
of strengths and weaknesses most app 
priate to each particular job and in 
signing men and women to the right j 
I could tell you, if time permitted, of 1 
who came into an industrial testing la 
ratory restless and inefficient, sometimes 
even morose and uncooperative, becaus 














had strong aptitudes of certain 
on which their jobs made no de- 
ls whatever, and how, in many cases, 
enment of these men to jobs that 

into play all their aptitudes re 
| within a year in almost miraculous 

ons in personality and outlook on 
[ could tell you of women, trained 
comptometer 


ir own request as 


became nervous wrecks 


‘ators, who 
n a year because of the lack of a 

necessary aptitude which could 
been detected in 


forget the intangible but 


v have advance. 
Nor should we 

important stimulation to personal- 
fact that 
» has been studied and measured, that 


hat comes from the mere 
’s abilities have been sought out and 
enized, that one’s life has been paid 
discussed as an indi- 
Not that the millen- 
hand by 


is—the engineer-managers of to-day 


ntion to and 
lual adventure. 
m is immediately at an) 
» only just begun to scratch the sur- 
» of this highly promising field—and 
who tries to go too fast in it will come 
cropper, and perhaps temporarily dis- 
edit the whole field. Nevertheless I am 
mvineed that this kind of activity will 
produce, in the next twenty-five years, a 
reater harvest of human satisfaction and 
ental health than any of us can yet con- 


‘ 


> Gee 


Turning to the second way in 


ch engineers can hope to help bring 


now 


more abundant mental health to the 
rid, we find ourselves facing a much 
more difficult problem. Perhaps I am 


er-optimistic in even mentioning it as 
that engineers or any one else can 
pe to solve. And yet, in its various 
mifications, it is probably the most im- 
tant problem that civilization faces to- 
[ refer to the problem of industrial 
stability, the problem of the recurrent 
essions and depressions that period- 
ily throw millions out of work and 
lisrupt, sometimes permanently, the lives 


many of them, the problem of social 
ecurity. 
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That social insecurity can profoundly 
affect 
health of great 


the mental and even th: physi il 


numbers of people is in 


dubitable. Worry has wrecked more lives 
than tuberculosis has. And there is no 
worry so insistent as that which besets a 
self-respecting industrial worker and his 


whole family, if he thinks there is danger 
of losing his job, except that of the worker 
who has lost his job I Suspect Ul 
sort of worry is by far the most importa 
single factor in the American health situ 
ation to-day 

What hope is there of lightening this 
incubus of fear caused by industrial in 


>? What 


perhaps even of guaranteed employm 


security hope is there of 


Two types of thinking are current with 
this sort, one 


political, in the best sense of that word, 


respect to problems of 


the other industrial. It is characteristic 
of the political type of thinking, whenever 


a social problem can be defined at all, to 


attempt to solve it by enacting a law 
This type of thinking holds, consciously 
or instinctively, that social progress can 


best be forced forward by legislation 
This dogma, to those who are persuaded 
of its validity, is comforting It affords 


do 


it, here and now, without 


something 


them an opportunity to 


about waiting 
for the sl 
In some cases rv 
tion is indeed the 
cedure, particularly when a recalcitrant 


WwW processes ot soclal ev luti n 


. | ¢ ] baal 
form Dy means OT legisia- 


only practicable pro 
fringe of unsocial competitors has to be 
. | 


whipped into line with the standards 
which a great majority would be glad to 
maintain if they could. But to coerce a 
majority to proceed faster alongs 
of social progress than they are ready 1 
a8) is a process both difficult and danger 
ous, even though 


ease, education is more to the point than 


alluring. In such a 
legislation. 

The political type of approach 
problems of to-day may, of course, suc- 
ceed in remaking our world, particularly 
if it be reinforced by plenty of emotion- 


stirring propaganda. It may even lead 
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to the most effective forms of government supply of industrial administrators 
that the world has yet seen. These new have not only sound business judgement 
forms of government are, however, almost but also enough social understanding a 
certain to be highly centralized, closely vision to better adjust the functioning 
integrated forms of government, exerting our present economic and industrial s 
over industry and over the lives of citi- tem to the welfare of society at lare 
zens generally the detailed regulation and Many of us are hoping that such prog 
control which seem to be essential to mak- wiJ] be made rapidly enough to forest 
ing any planned economy work. Per- the motivation for and the possibility 
sonally, even if I were sure that the to much legislative experimentation 


political approach would lead to highly But, you say, where do engineers con 


efficient governmental forms and to really 


0 into this picture? The answer is 
well-ordered lives, | would rather sacrifice 


more and more are engineering-tra 


some of this efficiency and orderliness to — a8 
men finding themselves in positions 


secure more individual initiative and re- : wytes ; 
executive responsibility in business 


sponsibility, more of a chance for each of. m 
; industry. There seems to be somethir 


us to make his own mistakes and enjoy x ; 
** about the training and experience of e1 
neers that fits them for such work 
stinectively they deal with facts rat} 
than with traditions and emotional ré 
tions. Their work forees them to 


his own triumphs. 

The industrial type of thinking about 
economic and social problems proceeds in 
quite a different way. Too often in the 
past, unfortunately, it has tended to ; “er 
ignore such problems altogether as long things in the large, to nt details into | 
as possible and, when at last they loomed "@"8@ plans, to see visions and dr 
up ineseapably, to try to fight them in- 
stead of to solve them. But the industrial 
leaders of to-day are beginning to have 


dreams and then translate them int 
reality by the careful organization « 
multitude of various contributing a 
ities. I believe that engineering-tran 
men are destined to contribute far m 


‘ 


; 


an economic and sociological background 
with which to think through the remoter 


human implications of the decisions they than their proportionate share of the 


dustrial leaders of the next quarter ce! 


make and the policies they pursue. They 
If so, they are facing a great op 


are beginning to work out, step by step, ‘tury. 
each in his own business unit, some sort portunity and a great responsibility. 1 
of social justice with respect to the con- they can learn to think around their jo! 
ditions and rewards of industrial work as well as thinking their jobs through, 
and the effect of it on the whole lives of from their natural vantage point 
workers. The industrial type of thinking liaison officers between capital and lab 
pins its faith to the hope that all these they can get a comprehensive vision o! 
tiny steps forward, scattered all over the the aims and aspirations and points 
country and through many industries, in- view and prejudices of both groups 
fluencing each the other both by the con- from their familiarity with the flow 
tagion of example and by the educational materials through a factory or the fi 
process of thoughtful discussion, will inte- of energy through a power plant they car 
grate into a march of progress that, how- derive a vivid picture of the flow of go 
ever halting and irregular it may at times and of money through the channels 
appear to be, will have firm ground under production and consumption, if their ex 
its feet. perience in handling men on the job ca 
The key to the whole economic and bring to them some understanding of | 
social situation, according to this way of men want to live, they can, perhaps, co! 
thinking, is the breeding of a sufficient tribute more than any other single gr 





" 
Toy 


promotion 
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solution of those fundamental 
‘and social problems of which we 
been speaking. And if by these 
s they can, even to a small extent, 
sh the worries inherent in indus- 
nsecurity, they will have made the 
est contribution of the century to 
of the health of 
! imbers of people. 
[ then suggest that he who is pro 
maintaining and 
of and 


mental 


interested in 


the health 


Li\ 


mankind 


ving 


has enough vision and imagination 
se the long-time trends of life, would 
well to devote a considerable part of 
ergy or of his beneficence to foster- 
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search 
ted not 
pro 


ri hes 


ing engineering education and r¢ 


In particular he should be inter 
only in the technical aspects of t 
ose bra 


+} 


fession, but especially i 
istrial 


ina 


of it which are concerned wit] 

management and with the foundations on 

which sagacious industrial administration 

The results will not be 

0 directly and immedia 
he had 

in training a succession of wise physi 


must rest SO easy 
TO observe. ly 


obvious, as if been instrumental 


lanis 
ms, or in @ 
but in the 

lish much improvement in 
health 


or skilful surge: 


some obscure disease, 
he will accom] 
both the physical and the ment 


of his fellow men 
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By SCIENCE SERVICE! 


A DISCOVERY MADE BY A TINY 
TELESCOPE 

You rightly hear much about the giant 
telescopes having 100-inch and 200-inch 
diameter mirrors and the wonders of 
the heavens they show and will reveal. 
But it should not be overlooked, as 
is sometimes done, that excellent and 
important work is being performed with 
small equipment 

The discovery of the brightest stellar 
object ever observed—having a luminos- 
ity equal to 400,000,000 suns—which was 
recently announced by Professor Fritz 
Zwicky, of the California Institute of 
Technology, is a splendid example of a 
major discovery made with a tiny tele- 
scope 

Using a small 18-inch Schmidt type 
telescope, Professor Zwicky has _ been 
photographing the sky for over a year 
at Mt. Palomar on the site of the great 
future observatory which will house the 
still-to-be-con pleted 200-inch diameter 
telescope 

With this Schmidt astronomical cam- 
era, having an extremely wide field of 
view, Professor Zwicky has obtained 
some 600 good photographs of distant 
nebulae 

Three super-nova stars were found, 
giving complete confirmation for the 
previous suspicion of the existence of 
two types of ten porary stars; novae and 
super novae 

It was one of the super-novae, known 
as I. C. 4182, which has turned out to 
be the brightest stellar object ever dlis- 


covered, according to caleulation by Pro 
fessor W. Baade, who is’ Professor 
Zwicky’s colleague. 

1 Watson Davis, director, Frank Thone, Rob 
ert D. Potter, Jane Stafford, Emily C. Davis and 
Marjorie Van de Water, staff writers. 


Novae are stars which may have 
known for years as well-behaved 


bers of the galaxy that suddenly 
up into flaming brillianee for a 
while and then drop back into obse 
What causes these outbursts of bril! 
is one of the mysteries which ast: 
mers ever seek to track down. P: 
sor Zwicky’s work is added add 
information that brings nearer the 
of clear explanation. 


THE RECOVERY OF LOST RADIUM 


You probably have not met a ‘‘rad 
hound,’’ but he is a valuable creat 
with a very scientific ability at pla 
**needle in the havstack’’ to the t 
thousands of dollars. He is in a 
with divining rods. Who named 
is not known, and fortunately his p 
ing abilities are not frequently requi! 

Born in the physics laboratory, 
‘‘radium hound’’ is not a dog but 
instrument, either the electroscope o1 
Geiger-Muller counter, both of whic! 
affected by the gamma radiation 
t by radium. 

Radium is precious stuff and wi 


it is used in the treatment of cancer a 


ry 


other diseases it 1s sometimes lost i 
amount used is so small and seemin 
insignificant that patients often can 1 
be made to realize its value. A hund: 
milligrams in the form of a salt oce 

the space of about a quarter inch 
pencil lead. In former days this sn 
amount cost $12.000, and while the pr 


f radium has been reduced materia 


a heavy investment is still necessary 
Dr. Robert B. Taft, of Charleston, 


C., has compiled amusing anecdotes a1 


statistics on radium losses and the met 


ods of recovery. There are 107 reco 





Ss 











s with 59 complete and 11 partial 


ease Dr 
it had 


weeks. In 


Taft found some ra- 


been on a dump for 
another case he saved 

ent man from going to jail on 
stantial evidence of radium theft. 
the radium was located with the 
instrument, he was ab- 
Taft considered worth 


im hound’’ 
which Dr. 
han the money involved. 


So sensitive are the radiation counters 


that whole houses can be searched 

: radium from the outside in cases of 
ted theft. Since radium can cause 

erous burns if it remains near a 

rson unshielded, the ‘‘radium hound’’ 

UM ; reassurance that lost radium is not 


d where it will cause harm. 
The prize radium hunt, in Dr. Taft’s 
n, ended in the stomach of a pig. 
radium was lost in a hospital, the 
had taken to 
This was a case of 


ish from which been 


farm. *com- 
recovery of radium, complete loss 


‘9 
a 


DISCOVERY OF THE SWEETNESS 
OF SACCHARIN 

Many of the older generation can re- 

r the 1884 
‘sugar’ 
than the 
And they may have 
about the 
of the grain aleohol which could 
Actually 
was reported was the discovery of 


newspapers in and 


new kind of 


Stories Of a 


h was 500 times sweeter 
ary variety. 
speculative tales, too, 


de out of this new sugar. 


emical saccharin, completely unre- 


; 


0 sugar in a chemical sense, and 
ut any fermentation properties. 
Saccharin was discovered in the work 
Fahlberg in 
iboratories of the then-famous Pro- 
r Ira 


eraduate student, C 


Johns Hopkins 


Remsen at 


~ rsity 
vo stories exist about the discovery 
‘harin’s sweetness which bear re- 
2 One runs that Professor Rem- 


was lecturing to his class one day 
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with samples of many newly prepared 
chemicals before hu n the tab Dur 
ing class he ons Ish noked his 
pencil into s ral samples 

Later, in his « he pu le ra 
toug! probl and touched tl tip of 
the pencil point to his lips. Its ar 


sweetness sent him seurryving back to the 
lecture hall, where he systematically 
tasted all the chemicals until he found 
the one prepared by Fahlberg at his 
direction 
The other 
in Berlin in 1904 at a chemical congress, 
Fahlberg) had bee 
laboratory) Afte1 
washing his hands he went home to sup 
but the 


handled tasted very 


story. 
tells how he work 
ing all day in the 
per, bread and everything he 


sweet He soon 


found that the sweetness came not from 
the food but from his hands and even 
forearms 

The rest is quite similar, with Fahl 
berg tasting all the chemicals he had e1 
countered that day. Remsen and F 


berg’s original paper on the dise 
saccharin was published in 1879 
experiments were performed just 60 


The 1884 


was only five years late with the news 


years ago, 10 L878 press 


JAPANESE PYRETHRUM 
MONOPOLY 


The highlands of Kenya in East 


newest 


made to grow p} 


extract goes into Insecticides that must 
be harmless to man and anima ] 
sprays are a major product using p 
thrum, although it enters to tl 0 
position of certain sprays [01 rden 
Crops 

This bit of information may not set 


America tingling with its significance, 
but one can be sure that Japan is keer 
aware of the 


ings beca se ie 
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Japan in fact produces about 95 per 
cent. of the world’s pyrethrum, and the 
ITnited States. usine some 20,000,000 


pounds a year, is half of the world mar- 


1 Japan, pyrethrum is comparable 


with cotton in the southern states as a 
cash crop 
A re port in Ind (str E ngineer- 


ing Chemistry on the Kenya pyrethrum 
that the 


little flowers of African cultivat 


plantings and harvest shows 


ion 


are 


superior, in their potency, to the Japa- 


nese variety While pyrethr 
been 


world—Cal 


im plants 
parts of the 


Lancaster, Pa., 


have crown In many 


ifornia, and 
Colorado are three American examples 


it is only in Kenya that a product 
superior to that of Japan is obtained 
Although the United States uses large 
amounts of pyrethrum it is unlikely, in 
the near future, that it can be grown 


economically here in competition with 


lands The pi rethrum flowers 


foreign 
picked by hand and the cheap labor 


of Japan and Africa has the situation 


well under command. 


THE DOMESTICATION OF THE 
AFRICAN ANTELOPE 


Farmers in Africa may some day be 
able to harness big antelopes to their 
plows, and have their meat to eat and 
their hides to 


Domestication of 


into harness and 


make 
boots the eland, an 
antelope bigger than most oxen, is sug- 
Boettger, 


University of Berlin, as a possible 


gested by Professor Caesar R. 
of the 
solution to Africa’s cattle-pest problem. 

The tsetse fly, Africa’s most dreaded 
is making parts of the continent 
the 
domestie 
African 
It deprives the natives of their 


insect. 
uninhabitable because it carries 
cerms of a disease deadly to 
eattle and other live stock of non 
origin 
chief form of wealth and makes farming 
] . 
lers 


Africa 


the tsetse-borne dis- 


impossible to white sett 

The 
totally 
ease, ngana, but they are highly resistant 


native fauna of are not 


immune to 


They survive when ngana 
out whole herds of domestie catt 

The chief obstacle to be 
using the eland or some 
of Africa’s rich 
hoofed animals is 
ability. 


None of 


icated in modern 


overes 
other 1 
population of 
their al 
them 


’ ’ 

leged u 
| as ever 

times 


Boettger b 


don est 


However. Profs ssor 


that the difficulty lies not so mucel 
psycl ology of the animals as in tl 
the natives They have Just never t 
the trouble to try, he thinks, a 
points out the success of the B 


efforts in the Congo, in making 
work animals out oO] the SUDD 


untamable African species of elep! 


Once in the remote history of A 
antelopes were kept in man-tended | 
Professor Boettger states. Mor 
of the oldest dynasties in Egypt 
herds of three antelope species 


Antelope-keepi 


art, however, 


within enclosures 


} 
came a Lost 


long before 


end of antiquity in Egypt; pe 
because imported cattle were easi 
manage and more profitable 
Immediate success could not be | 
for, perhaps. But, probably, our 
lithic had to 
horses and other animals for many 
before they 
and really worth their keep. 


work on ¢a 


ancestors 


erations became tract 


THE ORIGIN OF CORN 
Corn has long been one of the gre: 
of botanical riddles. Nobody has k 
where it Wild 


known, 


forms 
but 


has remained a botanical orphan 


came from 


most other grains are 
only does it lack any identified ancest 
but it has only two COUSINS in the \\ 


Hemisphere: 


Mexican fodder plant, and a wild 


ern teosinte, which 


named Tripsacum. 


Now come two Texas scientists, 
P. C. Mangelsdorf and Professor R 
Reeves, with strong evidence that 


primu 
grain known as pod corn, 


ancestor of corn is corn—a 


type of 








THE 








hvbrid, probably 


Mavas, about a.p. 600, carried 
o the nati 


ural range of Tripsa 
about the wild pod corn 
Peruvian Indians, 
out much question originated 
ure, are the only ones who do 
But, 


unlikely 


reasoned 
the Peru- 


ad carried their a u 
advanced stage that they dis- 
pod corn long ago, while less 


1 Indians still used it. 

leafed old manu- 
xamined effigy pottery from the 
Peruvian culture 


Peabody Museum 


through 


known 
v. at the 


rsity, they found a faith- 
a of a prehistoric ear of pod 
do not feel that the wild form 
S necessarily extinet It I ay 


in the 
south- 


forested lowlands of 


Brazil, Bolivia or Paraguay. 


VALUE OF LEGUMES 


s—lespedeza—forage 


crops 
other bie words are meaning 
} 


irmers these days, when soll 


is almost as in as 


portant 


the 
soil on which they 


have happy faculty of 


i¢ the crow 


They 


itrogen directly from the air and 


as nitrogen is concerned, 
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iT Ss W 
farme t é S Dp 
unpromis i 

One most intr 
of lespeds t does 1 
planted ea r 
cies, Lesped . 
after vear wl 
It is s s 
spite ol s I 
fore thi , { 
crown 
thing t 
sucl . I ‘| 
mental Stat Arl l | 


0) 
Hay 
times 
tains 


THE 


dicitis S , 

this mé¢ 1 Ss 
recent < W Varad tt! he 
This Opti I held b Ihatl l 
is reaffirmed in a statement 
New York State Depart 


DANGER OF 


IN APPENDICITIS 
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Appendicitis ought to be, as Dr. Regi- 
nald Fitz of Boston 
nosed, of no ere 


nized early 


points out, “‘a dis- 


at danger, 


ease @asilyv Glag 


and when recog and sub- 


; 


mitted to proper treatment, readily 


amenable to cure. 

Improper use of laxatives and delay 
in removing the 
chief 
appendicitis death laxa- 
tive subject, Dr. J. O. Bower of Phila- 
authority for the statement 
‘248 OOO 


1918 and 1935 


have been literally slaughtered with 


inflamed appendix seem 


that keep the 
On the 


factors 


rate up 


delp| la IS 
that between 
laxatives.’’ 

s from Peter Bent 


showing 


Dr. Fitz cited fieurs 
Brigham Boston 


that of 


Hospital in 
65 patients who died of appendi- 
citis, 74 per cent. had taken some sort of 
before 


100 patients who recovered, 


cathartic entering the hospital, 
whereas of 
only 51 per cent. had taken a laxative. 

The same cases also showed the effect 
of delay in having the appendix removed 
None of the patients who died was oper- 
ated on within 12 hours and only 11 per 
hours of the onset of 


cent. within 24 


acute 


ibdominal pain or bellyache. Of 


the patients who recovered, 8 per cent. 


were operated on within 12 hours and 25 
per cent. within 48 hours of the onset of 
pa n 


If the abdominal bellvache 


lasts over four hours it is probably seri- 


pain or 


OUS such cases 


Authoritative advice in 
is: Call a doctor, do not eat or drink, do 
not take laxatives or eathartics 
Sometimes appendicitis follows a blow 
Doctors are not agreed 


on the abdomen 


cases the blow was the 


whether in such 
sole cause or whether it preeipitated an 


attack in a previously inflamed appen- 
] 


dix. The important point is that such 


cases of appendicitis are unusuall) 
severe and demand immediate surgical 
attent 


AND AGE 


leisure- 


RECREATION INTERESTS 


Church-going still leads as a 
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time activity, 


if a sample of the M 
population may be considered as t 
of Americans in general. 

And 


interests that do not 


church-going is one of tl 
fall off witl 
ing age, according to a survey ¢01 
by Dr. ; 
University, Enid, Okla., and rep 
School and Soci Ly. 


Eugene S. Briggs, of P 


Old age and increasing enfore 


unless one is 


Yet it is si rp 


sure seem inevitable, 
cape through death. 


how many of our recreational int 
are those that do not appeal to tl 
Even the movies fail to hold 
derly, those who never attend iner 
steadily from 18 per cent. at 20 
to 50 per cent. at $() vears, 72 pe 
at 60 years and 100 per cent at 90 y 


Dr. Briggs found 
Card playing, dancing, radio li 


and even the entertaining of frie 


crow older, it seem 


interest as we 

Age does not affect concert or 
attendance. 

Hobbies are enjoyed b: . 
cent. of adults, but appeal particular 
men and women between 65 and 75) 
of age, 95 per cent. of whom ride a |} 
Hobbies hold the bett 
dweller, Dr. Brig 


res cise 


er educated and t 
city vered 


Athletie sports are not particips 


much by adults, even if horse shoes 
Dr. Briggs said. 


included, og Only o1 


ten country folks play athletic gam 
often as twice a week. H 


once or 


again the interest wanes with ine 


age. 
Of all adults who read newspaper 
per cent. find recreation in so doing 


similar percentage find recreatio1 


reading magazines. 
Books are not very popular, for 60 
read no books in the 


And if 


are neglected only by those remote 


cent. have 


months. 


1 1 
1 «(Ct moi «(¢ >? ' 
you think tha D 


libraries, you due for a 


are 


7 
non-reade! 
1Ohn-Pread 


The greatest number of 


books were born in the city. 











CITIES AND NATIONALISM 


By Professor EUGENE VAN CLEEF 


THE OHIO 


Crrres are social organizations expres 
They 

‘tional indices to the cultural and 

of the 
a part. Cit 


man’s gregarious habits. 


regions of 


structure 


ies are born, 


Vy are 


with varying characteristics sen- 
internal and external influences 
e humans of whiel they are 
Evidence is abun 


Yet . few 


this fact 


- 
decline. 


at they are unstable. 


fully conscious of 
Fall of Rome”’ 

being an attractive expression 
or le 
m past and, incidentally, has a 
The decline of Tehran, 


the 


Causes 


are 
makes little impress 
¢ a more ss mystical event 
IS ring 
Bukhara or disappearance of 


nd Sidon no disturbance 


us who to-day are far removed 
f these 


historically as well as physically 


ar 


the sites o centers—tar re- 


SUCCE of remains of re- 


SssioNn 
he Great 


extinct lumber towns in t 


or mining communities in 
stern eoal fields fails to arouse ¢o1 


Yet, 


ie that instability even to the 


mong our confident citizenry. 


1 tr 
e tri 


of threatening the very existence 


ty is a reality, that fact is of such 
nd significance that it should ex 
interest of every one. Our fail 
‘ognize this critical aspect of the 
| well-being will make impossible 
ictory adjustment of the nation 
social and economie revolution now 


S 
] ] 


are Closely integr: 


hot} 


As 


ited with rural 
in an economie and a physical 
cities expand areally, they do 


Like- 


their 


expense of rural lands. 


s their population grows, 


‘ pressure upon agricultural pro 
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ducers is lJ 
the 


mand mor 


area ¢ 


may arise 
tion o 
diate vici 
in 
under the 
worked 


mental 


pi 


tionships | 
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more r 


ONS GIy 

shes 
{ econom 
calls for a 
population 
natior 

We recog 
crowth of eit 
is essential f 
pliant i ( \ 
nication br 


} ’ 
reaqueing dal 


What 


em 


radius nfluence 
b tween st _ he 
plicated. The city 
provil ( 
PSTS pu I 
and regio sm m 
sibility iS ated 
Dur ng the era 
spirit of 1 na 
Increasing nce 
Feds ral Gover} f 
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inas§ lie 
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for cities to recognize the national gov- 
ernment as a possible harmonizing and 


coordinating agency. However, a people 


who seek to preserve freedom of action 
which a democracy is supposed to afford, 
dare not surrender its own privileges in 
favor of remote control by a bureaucratic 
régime. The theory of those in 


tional capital that the clash of urban and 


the na- 


rural interests can best be alleviated by 
a nationalistic organization is_ based 
largely upon the supposition that agri 


culture is nationalistic rather than local 
lation to the 
yields. The theory further builds up the 
idea that the 
disappeared owing to the 


in re consumption of its 


significance of state boun- 
daries has 
and 
rapid means of communication. Hence, 
effectively di- 


into more or less 


nature of present-day convenient 


the nation can be more 


rected by its division 
natural regions responsible directly to 


Washington. 


the regions are to become subservient to 


Apparently, cities within 


a regional directorate. Submission to 
this plan means surrender of democracy 
in the eities. 

A Finnish writer remarking about the 
urge toward self-sufficiency and central- 
ized control in the modern state has said: 
‘*The idea of the state and the idea of the 
contrary Here is a 
worthy to ponder over. A 


city are notions.’ 
philosophy 
and 


nation is essentially fixed in area 


boundaries; a city, as we have already 
It is a competitive 

other 
the struggle toward economie and social 


indicated, is flexible. 


organism which rivals eenters in 


achievement. The national state as the 
dominant directing force in the destinies 
of a city will resolve the latter into an 
impotent element and reduce it to the 
Nations 


depend upon eities for their existence: 


level of its weakest competitor. 


not cities upon nations. Preservation of 
the city as a virile, dynamie element is 
essential to the preservation of a strong 
nation 
When powerful 


Athens and 


proud 
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Rome lost prestige, the Greek and Roy 
When thi 


within these empires ceased paying 


empires fell with them. 


ute (taxes) to the central gover: 
that government collapsed, but not 
Cities, in fact, in early E 
tended to 
often did 


Feudalism was essentially one suc} 


eity. 


history become self suf 


and attain indepe 


of independence. In the course 
centuries climaxed by the ind 
revolution, cities arose in ever-iner 
numbers and, by different means w 
essary to detail here, grouped them 
governments to be 


under central 


nations. Germany, itself, a loos: 
federation of states until 1871, to 
largely a collection of cities and 


most of which are losing 


States, 
independence. The continuing char 
of cities has been illustrated withir 
past two decades, when many Eur 
boundaries have dissolved, but the 
Royal R 


formerly in Russia, thrives as the ca 


within them have survived. 
of Latvia; venerable Strassburg, in 
war days a commercial center in | 
many, to-day pays taxes to Franc 

mopolitan Trieste, which served 
Austria-Hungary, still 
port but under Italian rule; bold Be 

onee the capital of Sert 


functions as 


(Belgrade 
pays homage to the government of Yug 
Wien, at 
important central European trade r 


slavia; and the eross-road 
no doubt will continue to play a 
spicuous role even though it has s! 
from Austrian to German rule. 
Agricultural experts often refer 1 
dependence of cities upon rural area 
population supply as one argume! 
eonsideration for 


favor of greater 


farmer. The implication is that wit 
the farmer there would be no city } 
lation. Henee the farm population 
be-all and end-all of our preservat 
Naturally, it is futile to 
which of two reciprocal elements 
However, 


a nation. 


more important. we sl 











do not con- 


that cities actually 


farm population in an 
O. E. 


farm 


Import 


tO maintain themselves. 


a government in 


and 


e following elements 


expert 
population movements, 
which 
> young men and women 
the 


of population; ... (2) tee 


natural 
hn 
deplet ion ot S( 


rate ol] 


farms’’: (1 


> 
OB «ce tte 
(4 


| livestock by pest and diseases 


and devastation of 
‘<P t} ere 1S always tl S lure o! t] ce 
lights, 


in ready 


th its excitement, bright 
opportunities, wages 
still other seeming advantages 
But the ¢ 


wantonly e 


et the rural folks. ity 


srow because it n- 
persons from rural districts. 

the behind 
rural 


the 


motivating force 


migration of popu 
habitats has originated in 
itself. + 


s being interlocking parts of an eco 


lation from 


rban 


habitat ity and urban 


STI 


ucture they can not be divorced 


ut destroying that structure. Im- 


] 


ed m communication, inelud- 


ans of 


automobiles and good 


se] eduled airpl: 


“ilities, 
ine ser- 


ecr 


aph, radio and motion 


knit 


a single biological unit 


ave virtually rural and 
areas Into 


regions 


these 
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THE FORCES WHICH GOVERN THE 
ATOMIC NUCLEUS 


By Dr. M. A. TU 
rISM, 
WASHINGTON, 


DEPARTMENT OF TERRESTRIAL MAGNI 


(A) INTRODUCTION 


WHEN we 


deep within the atom, just what do we 


speak of the forces acting 


mean? And how valid can our ideas and 
statements be about anything so far re- 
moved from our direct perception and 


experience? The extremely small dimen- 
sions of the central heavy cores or nucle} 
of atoms of the various chemical elements 
have be 


ods b 


en measured by very direct meth- 


simply shooting high-speed par- 


ticles (nuclei of hydrogen or helium 


atoms, for example) at thin films of mate- 
rials and observing that hundreds of mil 
lions of these particles pass straight on 
through for every one that is appreciably 
deflected. All solid bodies are literally 
full of holes, because all atoms are com- 
prised largely of empty space; they have 
their mass or weight almost entirely con 
central nuclei, a hun- 
times than the 


The relatively large 


centrated in these 


dred 


atoms themselves 


thousand smaller 
dimensions of atoms are simply the di- 
light- 
electrons the 
How do we that 
even the idea of a force has any mean- 


mensions of the atmospheres of 


weicht which surround 


atomie nuclei. know 


ing in a region of space ten-million-mil 


lion times smaller than our own thumbs 


‘ 1 ftineers ? 
and nneers 


The answer is of course that we simply 
and the 


question then transforms itself into ask- 


define what we mean by foree, 
ing whether the ideas of force and energy 
and mass and momentum, which we define 
in accordance with our experience with 
larger things, are useful ideas in a disecus- 
sion of these small regions. 

These, then, are the primary ideas. 
that 


We 


mass or inertia is a basie 


assume 


VE 


D. C. 


property of the small particles of v 
matter clearly appears to be built 
that 
our definitions, 


mass, measured in accordance 


cannot be created 01 
inquire the exte 


together 


stroyed ; then we 
which these 
familiar concept or definition of for 


ideas, wit] 


useful in the sense that by using tl 
are enabled to predict the behavior « 


atomie or sub-atomic particles w 


riven new conditions from our obser 
] 


tions of their behavior under other d 
ent conditions. The answer to our q 
tion, as I hope to indicate, is that 
and mass are useful ideas in a diseus 
of atoms, in fact to a remarkable d¢ 

We are able to organize 

information we have about 
the atom, and about the interactions be 


nearly all 


the insid 
tween atoms, in terms of foree, n 
energy and momentum, just as these « 
cepts serve us in the physies of things 0! 


shall 


however, that certain puzzles most 


ordinary size. | point out a 


tainly still remain. 


(B) THe Primary Puysicau Forc! 
The main ideas to be presented in this 
lecture can be outlined very briefly 
will be a 
position if even three main points cat 


flattery of my powers of 


made to appear worth remembering al 
a subject as far removed from your « 


work and interests, presumably, a 


4 1 


forees which act inside the atomie nue 
One point is this: Physieal scie1 
now so comprehensive in its seope that 1 
can describe all the interactions betwe 
material bodies in terms of just th 
different kinds of All the welt 


of actions and reactions in the world of 


fi rees, 


physical things, from astronomy dov 
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mechanics and heat and radio 
t, and on down through chemistry 
mie structure and into the atomic 
s itself, all these phenomena can 
ribed as expressions of just three 
ental forces, namely, gravita- 
electromagnetic forces and and part 
ich govern the atomie nu with our und 
aps these three forces n \ a duality ot 


> reduced to different aspec ties. as expre ssed In 


creat, all pervading and all the quantum theory 
rf foree, but f r the pres 


~ . | rr " 
atisfied to have the he thire 


} 
rhe description membe red rel 


erms OF just make whe) 


truly astound diffieulty 


ar-chao rn 1 Ais 
near-cnaos Im mental di 


inherent 

point is that when we make of the jd 
ilysis fine-grained enough to deal difficult: 
atom and its parts we have to) of oyr mat) 


luce two elements into our formula- abilities to 
vhich are not necessary when we jt jg jmp 
. 3 oe 


ith things or Systems 01 ordinary down a deta 


Every one is familiar with the fact 


n dealing with gravitational! 


; deseribing 
rorees i i 
: : ' : particies al 
rdinary analysis had to be modi- ; é 
[ a : with each « 
by the introduction of the concepts 
. - a 2 body pre hlem 
relativity theory when the analysis s 
' y : oe restrictions—pbutl 
extended to extremely large dimen- 
. ; 7" . ‘ bodies represt nts 
Similarly, when we go in the diree- , 
' complexity, and if our 
extremely small dimensions and ; . 
‘ describe a two-body atomie problem 
with atoms and atomic parts we ape ' 
. 7. rectly, tor instance, we Know Tl 
t necessary to make two modifica- . : hI , 
. » Is trouble with our 1deas or €0) 
we must introduce an element of ' 7 : - ace : 
: : . 1; se "es IS ‘ ] ‘ rorn 
teness or discontinuity, as indicated S¢!¥' t is this kind of a 
66 : ” “wha > mean 9 fund re 
name ‘‘quantum theory,’’? and we © vhat we mean by a fundam 
ike account of what is called the ‘em wh has kept the emphi 
> . , ork in o r lohor or ‘ hy ‘ ety 
menon of exchange, which I shal] Work in our laboratory at the Depa 


to illustrate later. These two Of Terrestrial Magnetism of 
Institution of Washingtor 


concentrated o ‘oblems wi] 


fications grow out of our recognition 
essential limitations of our con- 
of the real nature of matter—the tially simple, such as the 
re of particles and the nature of proton wit! 
when we carry these ideas down ton wit! 
most exaggeratedly microscopic trons are the 
nsions. This is just another repeti- of which the m 


of the old dilemma of particle-theory A proton 


is wave-theory, well illustrated by the 
vy of theories regarding the nature 
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positive charge of one electron which is 
carried by the proton 
NUCLEAR PHysIcsS AND MAGNETISM 
Before we proceed to a discussion of 
us experiments which give us 
direct information about the behavior of 
matter inside of the atomic nucleus |] 
might indicate the facet ich led to sue] 
investigations being carried out at the 
Department of Terrestrial Magnetism of 
the Institution. Reminding you of what 
1 have Just said about the meaning of 
fundamental problems, the briefest way 
to state it is to say that our studies of the 


atomic nucleus and of the simplest inter- 
h 


actions of the primary particles of matter 
constitute an effort to carry out the most 
fundamental investigations which it is 
possible to formulate regarding the basic 
nature of magnetism itself. This means 
finding out the laws governing the inter- 
actions of magnetic bodies or particles 
in the most exaggeratedly fine-grained 
ease which we can examine. I need only 
remark further that at the time when the 
department’s program in nuclear physics 
was inaugurated in 1926 by Dr. Breit and 
the author it was just being discovered, 
and has since been amply demonstrated, 
that one of the very few—three or four 

known attributes of the primary particles 
of matter is the fact that they all possess 
magnetic moment or intrinsic magnetiza- 
tion. As far as the magnetization of the 
Earth is concerned one must say that 
such studies as these have little or no 
significance beyond the rather important 
one of a fundamental understanding of— 
learning the fundamental laws of—the 
phenomenon of magnetism with which we 
are concerned. The problems concerning 
variations of the Earth’s magnetic field 
ean now be accounted for in considerable 
measure, even quantitatively, especially 
since the results of exploring the upper 
atmosphere by means of radio echoes, as 
ginated by our department in 1925, 
have become available. However, there is 
one really outstanding puzzle which all 


orl 


our knowledge of physics is still una} 
explain, namely, the enormous pern 
magnetic field of the Earth, which is; 
94 per cent. of the magnetie field 
acts on a compass and which is aft 
the thing we mean by terrestria 
netism. We now have measured the 
est forces within the atom, we | 

to speak, chased magnetism all th 
down to the smallest particles insid 
atom, but we still have no clue as t 
the Earth and the Sun have such 
magnetic fields, each related in the 
way to their directions of rotation 
haps some obscure atomic effect of 
extremely high pressure at the cent 
these large bodies may be the caus 
magnetization, but as yet we hav 
indication of why it comes about 
some new principle of physics may y 
required. It is more reasonable t 
lieve, however, that the permanent 1 
netie field of the Earth is a proble: 
complexity which we as yet have no | 
for calculation, rather than a proble1 
concept or fundamental idea. Al 
certainly it will not require a revisi 
the well-authenticated laws of el 
magnetic action, although some | 
pected phenomenon, such as to const 
in effect a large electrical current i 
the Earth, may ultimately be the exp! 


ion. 


D) INpiREcT INFORMATION CONCERN 
NUCLEAR ForcES 

Mass defects: The hundred-vear 
hypothesis of Prout, that all atoms 
built up out of units essentially the s: 
as hydrogen atoms, was placed On a 
experimental basis by the experiments 
J.J. Thomson some twenty years ago 
showed that many (now most) of 
chemical elements are each in turn 1 
tures of different species of atoms, s 
rate species of the same chemical elen 
differing from each other by one unit 
nass or weight. This unit is appr 
mately the same as the mass of one hyd! 
gen atom, although signicantly smaller 
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the discovery of the neutron in 
a particle having very nearly the 
ass as a hydrogen atom but with 
«trical charge and hence no at- 
electron to give it chemical prop- 
we have accepted the view that 
built up out of 
protons, the proton being the nucleus 


el are neutrons 


drogen atom—a particle possessing 
trical charge exactly equal and 
to that of a 
pproximately 2,000 times as heavy 
lectron. 
nsider that nucle! 
ns and positror 
,a proton in the nucleus then being 


negative electron. 


We may ultimately choose 
are built up of 
positive elee- 


dered as dissociated into a neutron 
sitron. At present this view ap 

s to present so few possibilities of 
as to render it unripe for any 
retical formulation to be made, but 
well be true that 

r identity in the close confines of the 
It is obvious that the problem 
inherent 


lose 


protons 


‘ar structure is one of 
exity and is correspondingly diffi 
to formulate, since we find that all 

have very much 
r than the protons and neutrons of 
if we accept as the 


dimensions not 


h they are built 
s’’ of these particles the distances 
paration at which large non-electrical 
es become abruptly evident. 
When protons and neutrons are bound 
ther to form atomic nuclei an amount 
off, in the form of 
liation or which is called 
energy of binding, and since energy 


nergy is given 


otherwise, 


mass are equivalent properties in 
rdanee with special (restricted) rela- 
this binding-energy shows up as a 

f mass in the compound nucleus 
ass is smaller than the masses of the 
ns and neutrons which entered its 
icture by an amount which is an exact 
ure of the  binding-energy—the 
gy that would have to be supplied 
m an outside source to again separate 
into its component parts. 
s is called the and it 


nucleus 
‘*mass-defect.’’ 


vives uS an exact m 
sult, so to speak, of the act 
Mass-defee 


table have been 


asure 


nuclear 
the ato 


measured, and 


out 


property ol 
that the energy of 


IS approximately constant throughout 


binding 
the atomie table, being roughly eigh 
volts for 


ectrol 


lion el 
neutron which enters the 
This charact 
**saturation’”’ whatever 


kinds of nuclear 


ture. eristic 18 rete 
lorees we 
therefore exhibit this property of 
tion. 

Nuclear transformations: <A 
source of information regard 
nuclear forces is the large body 
relating to nuclear transforma 


atomie transmutations ‘atom smash 


ing’’), which has been built up since 
Rutherford’s first demonstratior 

1919. an 
Walton 


nrst aces 


ficial transmutation in 


cially since Cockeroft and 
Rutherford’s laboratory 


932, using as 


plished the same feat in 1 
bombarding particles protons which were 


accelerated by a high voltage applied 


a vacuum tube—incidentally one 


possibilities envisioned when our d 
ment’s high-voltage program 
in 1926. 


tions five 


was begun 


The data on atomic transmuta 
primarily a confirmation of the 


data on mass-defects. When atransmuta 


t10n O© energy 


tion occurs with the evoluti 
loss or mas 


resulting in a 


binding-energy ) this energy 


quently as kinetic energy of 
system of particles (one or 
ticles are emitted from the ¢ 
porary system formed by the 
nucleus, lea 


and the target 


nucleus which recoils as 


shot out Measures 0 
action-energies nfiri 

but the measuremen 
transformations addit 


portant kind of information 


data, 


rive one 


termine the probabilities of vario 
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of reactions; they determine, so to speak, 
the rate of activity of the nuclear forces, 
and the degree of stability of various 
combinations or states of motion of the 
This last 
especially true because many of the pro- 


nuclear particles. remark is 
ducts of reaction of nuclear transforma- 
tions have only a limited stability, even 
though they are nuclei of the ordinary 
chemical elements and behave with per- 
fect propriety in all chemical reactions. 
If a proton or a neutron is added to a nu- 
cleus to form a new nucleus which is one 
unit heavier or one unit lighter than the 
ordinary stable nuclei of the same chem- 
ical element as found naturally (I do not 
‘*un-natural’’ 
about our alchemistie procedures), it is 
that the extra-light or extra- 
heavy nucleus ‘‘blows up’’ later. These 
nuclei explode in the same way as do the 


mean to imply anything 


observed 


nuclei of the well-known radioactive ele- 
ments at the heavy end of the atomic 
table 
ability which leads to the spontaneous 


they possess a certain fixed prob- 


emission of a negative or a positive elec- 
tron during a given time. Accordingly, 
at the end of a period which varies from 
a fraction of a second to months or years, 
depending on the particular nuclear spe- 
cies, half of the unstable nuclei present 
at the beginning of the period have trans- 
formed themselves into a stable species 
of nucleus belonging to the adjacent ele- 
ment in the atomic table. This phenome- 
non is called artificial 
discovered by [rene Curie and F. Joliot in 
1934! 

High-voltage equipment and technique 
at the Department of Terrestrial Mag- 


netism: Because some nuclear transfor- 


radioactivity, 


mations are millions and even billions of 
times more probable than others the prob- 
lem of unraveling the meaning of sim- 
ple observations on the particles emitted 
by given targets under bombardment is 


1A demonstration of radio-sodium produced 


(bombardment by 
and of radio 
bombardment 


by deuteron bombardment 
the nuclei of heavy hydrogen ) 
copper produce d by neutron 


accompanied the lecture. 
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not a simple one, since no targets are « 
really chemically pure. It becam: 
early in our work that reliable conelus 
could be obtained only by quantit 
observations of the highest order, ar 
our first studies of artificial trans: 
tions, from 1932 te 1935, 
our attention on the development 
technique adequate to deal with the p 
lems to be met. I shall 
work with the remark that the quanti 
tive yields of various reactions vary qu 


we concent! 


pass over 


differently with voltage, and according 
the most analytical technique is 01 
which the voltage or energy of the |} 
barding particles is under accurate 
trol and is subject to accurate measu. 
ment. This includes, of 
requirement that the bombarding b 


course, T 


must be very nearly homogeneous in k 
and energy. 

Our high-voltage source (Fig. 1 
an old-fashioned electrostatic generat 
charged by a belt, a device re-inv 
at an opportune time (1931) by Dr. R 
Van de Graaff, then at Princeton Univ 
sity (the idea of belts for conveying t 
charge was proposed as long ago as 15) 
by Lord Kelvin and by Righi, who ¢ 
structed somewhat similar machines 
small size at that time.) The high-v 
age electrode is simply a ball of lar 
diameter, the 
trical practice of preventing corona-losses 


following standard « 


by using electrodes of suitably lar 


dimensions and small curvature (we us’ 


similar spherical ‘‘corona-caps’’ in 
our experiments with Tesla coils and hi 
voltage tubes in the years 1926 to 1930 
At the top of the vertical glass vacuu! 
inside the 6-foot ball. 
etal tube filled with a hydrogen 
heavy hydrogen) discharge at low pres 
sure and low voltage (supplied by a sn 
110-volt generator driven by an auxili 
insulating belt). Protons or deute1 
or helium ions (nuclei of light or hea‘ 


tube, is a Sl 


hydrogen or of helium, produced as 1 
in the discharge) } 
through a small canal from this dischar 
into the high-voltage tube. Here they 


low-voltage 
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d as a beam, which is accelerated 
he axis of the tube to strike a target 
1 in a grounded extension of the 
m-tube which projects downward 
e observing-room beneath the high- 
ve generator. Before striking the 
t where the transmutations are to be 
ed this beam of high-speed par- 
passes through a strong magnetic 
vhich is so adjusted as to allow only 
the desired kind to impinge on the 
for example, protons (mass one 
iterons (mass 2) or helium ions 
1). This equipment produces a 
rding beam of great homogeneity in 
{1 and energy (energy-spread under 
r cent.) at any desired voltage from 
100 to about 1.150.000 volts, and the 
we (energy of the particles) is 
sured accurately and continuously by 
voltmeter-resistor (10,000 megohms, 
isurements to one per cent.) enclosed 
large Textolite tube shown project- 
t an angle downward from the high- 
ve ‘*ball.’’ The extent to which our 
que meets the requirements de- 
led by the quantitative work I shall 
describe on the proton-proton inter- 
is perhaps best indicated by the 
rvations shown in Fig. 2. The data 
s figure are measurements on the 
ince-transmutations produced by 
s bombarding fluorine; the indi- 
observations are numbered in se- 
e, and the agreement of the differ 
nts, especially on the steep portions 
curve, is a good measure of the 
‘taney of the beam and the accuracy 
r voltage-measurements. Further- 
the extremely sharp rise of the 
at each resonance is in itself clear- 
evidence of the homogeneity of our 
barding beam. Nuclear resonances 
s type provide a convenient scale 
ltage-ealibration points which 
sly will remain constant. 


Direct OBSERVATIONS ON THE 
NUCLEAR FORCES 


interesting that one of the stated 


aims of the high-voltage program 
department when it was begun 
although not carried through 

years had elapsed, nevertheless _ still 
proved to be of the highest importance 
in formulating definite ideas r 

the atomie nucleus. At that tin 
ourselves the problem of obtaining mea- 


surements on the collisions of protons 


with protons to see whether deviations 
eould be observed from the predictions 
based on the ordinary inverse-square law 
of repulsion between like electric charges 
Deviations of this kind would be direct 
experimental information concerning the 
forees which had been assumed for many 
years to hold together the primary 
particles which were constituents of the 
atomic nuclei—the nuclear forees 

Neutron-proton scattering: I should 
remark that the first direct observations 
of the nuclear forces were observations of 
the scattering of neutrons by matter. If 
nuclei are built up of neutrons and pro- 
tons as we believe, there are three forces 
active in the structure of the nucleus, 
namely, proton-neutron forces, proton 
proton forces and neutron-neutron forces 
The observation of the proton-neutron 
forees, by the scattering of neutrons by 
hydrogen, gave direct evidence regarding 
one of these three—the proton-neutron 
interaction—but the absence of knowledge 
regarding the other two left the pre blem 
in a state of uncertainty. Our measure 
ments of the proton-proton interactio 
have given the second leg of the triangle, 
so to speak, thereby defining the third, 
and have led to the remarkably simp! 
conclusion that all these three 
interaction are nearly, although no 
actly, the same. This was shown by 
sreit’s theoretical analysis of our ex 
mental curves 

Proton proton scattering: The ex 
ments by which we have measures 
forces between two protons at very 
distances of separation 
simple in conception ; 


been only tne 
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adequately quantitative measurements on to 900,000 volts. If the inverse-squar 
all the factors involved. Protons are law were obeyed, all these curves y 
accelerated to a specified velocity (en- coincide with the dashed line dr 
ergy) by the high-voltage tube and pass through the ratio of unity. It is oby 
through a ‘‘window’’ of aluminum foil _ that in addition to the electrical repu 
into the scattering chamber of Fig. 3, between protons, some other force is ; 
which is filled with pure hydrogen gas at ing and that this force is much mor 
pressure of 12 mm. The diaphragms at portant at 900,000 volts and 45° tha 
the top define a 2-mm beam of protons lower voltages and angles. The prot 
passing through the gas of the chamber, come only slightly closer together 
and protons scattered by ‘“‘billiard-ball collision at 900,000 volts than they d 
eollision’’ from a small segment of this 600,000 volts, so the additional fore 
beam at the center of the chamber in such in quite abruptly when the protons « 

a direction as to pass through the set of within a certain distance of each ot 
diaphragms or slits fastened to the ioniza- The most direct evidence that this ‘‘ 
tion-chamber (marked IC No. 1) are tra’’ force is an attraction, and n 
recorded as individual counts by a linear added repulsion, is perhaps that of 
amplifier, similar to a radio amplifier. 5, which shows the ratios of our obse 
The loss of energy of the protons in the counts to those predicted by the 
aluminum foil and in the gas is checked formula for a 45° angle and for energ 
by measurements of the fluorine reso- from 200,000 to 900,000 volts. It iss 
nances (Fig. 2), using a target at the bot- that at 400,000 volts the observed scatt 
tom of the lower tube, giving us accurate ing is nearly zero. This corresponds t 
knowledge of the velocity of the protons situation in which the repulsion du 
at the scattering volume. The latter is_ the like electrical charges of the two p 
defined by the intersections of the lines tons effectively is just cancelled by 
extended from the two diaphragm-sys- attraction due to the nuclear force 
tems. The ionization-chamber with its ing between them. At 200,000 volts t 
diaphragm-system can be set at various scattering at 45° is primarily due t 


angles to the primary beam. electrostatic repulsion, diminished sor 


The observations comprise measure- what by the nuclear attraction, wh 
ments of the number of individual pro- above 700,000 volts the scattering at 4 
tons which are scattered through various is primarily a result of the nuclea: 
angles (from 500 to 10,000 at each angle) traction between the protons. 
by the hydrogen (protons) in the small Two features of our experiments w! 
scattering volume when a known large are of importance from a quantitati 
number of protons of the primary beam standpoint have not been mentioned. 0 
passes through this volume. These num-_is the fact that a thin gold leaf is mount 
bers are then compared with the numbers’ in the tube below the scattering c! 
which are expected on the basis of the ber, with a second counter set to obs 
electrostatic repulsion between protons, the number of protons scattered b) 
given by a formula due to Mott. The gold. This arrangement gives us a 
ratio of our observed numbered of counts tinuous measure of the proton-curr 
to the number expected (for each given passing through the scattering volum: 
angle and voltage) gives a measure of the measure, in other words, of the total 1 
deviations arising from forces superposed ber of primary protons involved 
on the Coulomb repulsion. Fig. 4 shows given scattering measurement. 

a series of such ratios for angles from second feature is the method used to ¢ 
15° to 50° and for energies from 600,000 an ‘‘absolute’’ calibration (centimet 
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For hundreds of years the Tropics 


have served HS a particu ary potent lure 


to leading biologists in all parts of the 
world It IS hot the result ol mere 
ehaunes that tO most of US pictures ol 
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tropical regions have represented the 
embodiment of our conception of pri 
meval conditions of life Of course 
primeval conditions were not necessarily 
‘tropical,’’ but it is the torrid regions 
of the surface of the earth that of all 
terrestrial areas have most successfully 
resisted the encroachment of civilized 
man with the modifications of **natural’’ 
conditions that have inevitably marked 
his coming. That the high seas are un 
dominated by man is attributable not so 
much to the biological conditions as to 
the physical conditions which make such 
areas impossible for permanent occu 
panes With the Tropies on the other 
hand, man meets not only the resistance 
of physical conditions, which are more 
easily overcome, but also that supreme 


luxuriance of plant and animal life whiel 


not only obstructs the initial invasion but 
also by vuertiila tactics makes virtually 


Impossible the effective consolidation o 


any extensive area of invaded territory 


There we have manifested to the highest 
devree the forces of orevank pressure 
which have generally prevented either 
the «cl velopment of an advanced eiviliza 
tion or the lone endurance of o1 
may have met temporary success agains 


almost insurmountable conditions 
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mn of 452 feet above the surface of night monkevs and bla how 
Almost entirels yvooded, it 1s suv nothine of mnsects too numer 
nded by Gatun Lake, with a shore mention 
more than 100 miles and hundreds Accessible from the laborat as hea 
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(iigunte Rivers It possesses the Panama and particularly the new For 
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and large sums are spent in the purchase the National Phys 
Of toreren hooks each eul lly) his Post races on ae 
The Fitzwilliam Museum, with its eo] Outward it Is almos 
lections of paintings, coins and ancient the street bv the pressure 
marbles, is one of the more. strikine ines around it. but witht 
members of the ow versity grouping the work of Maxwell. Rav] 
The museums and laboratories of science Rutherford and ther Wwol 
eover much ground near e center OF have contributed 1 ts 
the university Thev were formally for themselves 
opened er Ef “1 Y)e 
pened by King Edward in 1905.) In In its buildines. no les 
CONSPICUOUS Th tS setting as it is vreat work done in them. the 
1 lace on rl erenee. the © ’ 
IM TES porta in world science, t] aven Cambridee need take seco 
dish Laboratory of Experimental Phys , , ; 
t} recadlieationa pmstituty 
s, Whose new director. Professor W. qT, 
Bras has but verv recently come fron CARY 


CHEMISTRY AT THE CALIFORNIA INSTITUTE OF 
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ero 
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THe new Crellin Laboratory of Chem throuel their friendship 
istrv has been opened at the California Charles W. Gates. ne of the 
Inst te of Technology It s Tl itt the Gates Laborato f Chen 
of Mr. and Mrs. Edward W. Crellin, of | in 1916 
Pasadena, whose interest In the work in The Crellin’ Laboratory, 
chemistry at the institute was initiates adjacent to and connected wit! 
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EARL BALDWIN McKINLEY 
KA »ALDW McKIntey, dean of the especially Da i 
med sc} proltessol ft bacteriology periences erysta 
inal ¢ medical research, George realized his inte 


X Passel rs aboard the Hawati ¢ ppel therelore } hhe 
I I aire V plunges nto the Pa HIS accomplishme 
he © ne of 1tS deepest ports on by advancement 
July BS. 198 iid was erante 
Karl McKinley was born at Emporia Council fellowsl 
Kansas, o1 September 2S, 1894 Ile e for stud ap 
tered the Universitv of Mic ran on the vith Professor Bord 
mbined curriculum in letters and medi stitute im Brusse 
cine, receiving the baccalaureate devree roreign workers 
n 1916 The world war inter Ipted his and revealed tha 
rk in the medical schoo he entered no Internationa 


the sery @ oO) May 7 LO? abet Was (lis WI Hie residing 


charged on August 8, 1919, with the rank an appomtment 
Ol first eutehant, having seen action bactel oOlowy nti 
overseas in the Marne offensive of .Jh 1\ ana SUrZGeOUS oO 
mid Atu@ust, 19TS In september 1919 returning to New 
he returned to the univers T\ miplet ne to assume his du 
thre medica OUrSe IN 1922 1) rine this shouldered His | 
per od | served as an ssistant in ba nstructine load 
beriol IS Well aS all inst! tor ib phvs tempted to unr 
olo@ien hemistry } Thence capac 1 . number Of «liseases 
hig enn nto cireet eontact vill })r and lethare Ca Che 
Novy Viose stimtthati nfiluence he { racuUITN r org 
quel V ackhowledg? | il hose aaver Pion ect HIS Se 
and acl be mstantiv so tt ment of the adivis 
Short titer completing ne required ( mbia Unive 
program of study in mec e and before of tropical med 
enrern i! i! nternsl }) ! | ! hhe Was aur 1 S 


ogy and pathology at Bavlor Univers 
Dallas I" Xas While there he ] ul occa eases mils asstim 
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hiversityv. ol Puerto ; He One might conelu 
up his duties in San Juan shortly — fieation of inte 
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S most devastating tornadoes. where he not the case Ile CONTIN 


the island had experienced one of — participation in 


ad the unusual opportunity of obsery tions of tropical dise 
at first hand many tropical diseases | sponsorship 
modified by exposure and famine Kor Couneil he 
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